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INTRODUCTION 


Successful production of forest crops, as of other crops, depends 1 in 
very large measure upon detailed knowledge of the crops’ growth 


requirements and growth characteristics. 
forest species, information of this kind is very incomplete. 


For American for ae and 
In the 


past quarter century, foresters and others have by observation 
acquired certain data on the growth and behavior of our forest 
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species, but these apply to only a few of our many commercial forest 
types. Further, much of this information deals only with certain 
stages in the life history of the forest; thus for some of the pines we 
know how to achieve a certain degree of success in reproducing stands 
naturally, but know lhttle or nothing of the cultural methods needed 
for success in bringing the stands to maturity. 

European experience gives us little help. Most of the forestry 
methods earliest used in North America were borrowed from Europe 
almost without change. Some of these, although highly satisfactory 
in Europe, failed here. Our species, our soils, our climate, our eco- 
nomic conditions are so radically different from those of European 
countries that what holds true on one continent does not necessarily 
hold true on the other. 

Information needed as a basis for forest management can be 
acquired in several ways. The trial and error method takes much 
time and is costly. Faced by the fact that our forest supplies are 
dwindling and that our growing stock is already inadequate, we can- 
not justifiably place our dependence upon this method. The empirical 
investigative method also is unsatisfactory. Its results, while indic- 
ative, are inconclusive. Too often, after long and involved study the 
investigator finds himself not far from where he started. Here again, 
too much time is required. The research method alone appears satis- 
factory. It holds promise of results within the shortest possible 
period, and of results that will stand the test of time. Also, in the 
long run it is the cheapest method. In the research method the prob- 
lem is broken down and its parts studied separately, replications are 
made to eliminate the influence of accident, and controls are pro- 
vided to insure definite comparative results. 

The sample-plot method has been found to be the most effective 
way of studying the growth and behavior of forest stands. A plot 
can be small enough to permit rather careful observation of develop- 
ments and at the same time large enough to be truly representative 
of the forest. 

To obtain really exact comparative data would require the impos- 
sible procedure of comparing conditions on a given plot after a given 
treatment with conditions on the same plot, in the same period, after 
no treatment. The sample-plot method calls for a comparison of con- 
ditions on a given plot after treatment with contemporary conditions 
on an untreated plot which it closely resembled before treatment in 
the characteristics which the experiment involves. This method is 
adequate if the plots are, in fact, random samples of the experimental 
area, but is incorrectly applied if treatment is allocated _to system- 
atically arranged plots or to areas chosen arbitrarily. When only 
1 of 2 comparable plots is to be treated, for example, the choice of 
the area to be treated should be made absolutely by chance, as by the 
toss of a coin. This system of sampling is based on the assumption 
that differences in the unknown factors of site are unrelated to the 
plot arrangement. 

In some fields of scientific endeavor it is a relatively simple matter 
to obtain basic data under carefully controlled conditions, and to 
repeat an experiment at will. Even in dealing with some kinds 
of plant material it is possible to keep the factors of an experiment 
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under a high degree of control. Soils of uniform texture can be 
used; temperatures can be controlled by growing the plants in a 
greenhouse; watering can be applied artificially; length of day can 
be artificially extended or reduced; and the pedigree of the plants 
may be known. In dealing with annual field crops greater difii- 
culty is encountered ; but with care some factors can be controlled 
very closely, and if it is necessary to repeat the experiment no great 
difficulty stands in the way. Im forestry, such control and ready 
repetition are practicaily out of the question. The forest is a long- 
time crop, the individual specimens are large, the units of measure- 
ment are not always exact, and volumes often cannot be measured 
easily or with a high degree of accuracy. Furthermore, genetic 
characteristics are not fixed, environmental factors cannot be so reli- 
ably measured, and the previous history of the area, which is often 
a major controlling factor, is seldom known. These difficulties 
create an extreme need of care in planning and in conducting 
silvicultural experiments. 

The great need of information on forestry measures has caused 
many men to undertake research on their particular problems. Too 
often, the desire to get something under way quickly or to take 
advantage of transient favorable conditions has led an investigator 
into tasks for which he was not adequately trained or for which he 
had not made adequate preparations. In numerous instances, inex- 
perienced and incompetent workers detailed to establish a series of 
sample plots have failed to take into account some of the essential 
particulars. As a result, much investigative effort has yielded con- 
fliicting or fragmentary answers, or no answers at all, to the questions 
it was intended to solve. 

It is the purpose of this circular to present to foresters with 
research responsibilities an outline of the technic of sample-plot 
procedure, in order that the standards of such work may be 
raised, that findings from studies of data obtained in one region may 
be applicable in other regions, and that silvicultural research as a 
whole may yield conclusive results in less time. The publication 
deals with the requirements of good silvicultural research as these 
are known in 1934. Since the wide range of forest conditions and 
the large number of forest species in the United States make it im- 
possible to present all the different refinements of technic that 
apply locally, this discussion attempts only to outline the technic 
that is generally applicable, leaving it to the individual worker to 
exercise his own initiative, ability, and ingenuity in deciding which 
methods apply best to conditions in a given locality. 

The publication is concerned primarily with field methods. In 
most cases the purpose of the work will dictate the method of 
-compiling the data. It should be remembered the real value derived 
from plots comes from the analysis of data, not from establishment. 

This presentation of research methods is not to be taken as an 
effort to standardize research. Such an effort would be highly unde- 
sirable. Research can progress only if research agencies are per- 
mitted freedom of thought and action. So long as these agencies 
maintain the high standards of accuracy and thoroughness and the 
continuity required by silvicultural research, they are entitled to 
considerable latitude as to the details of procedure. 
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TYPES OF SAMPLE PLOTS 


For the purposes of this circular, the following plot definitions ? 
are adopted: 

_ Permanent sample plots are small representative areas on which 
developments are followed by means of repeated measurements or 
examinations continuing through a period usually exceeding 10 years. 

Temporary sample plots are similar areas on which measurements 
are taken or conditions examined at the time of plot establishment 
with no intention that subsequent developments on them shall be 
studied. 

Semipermanent sample plots are those on which measurements of 
stand conditions are taken, but where the development of the indi- 
vidual trees is not followed in subsequent remeasurements. 

A subplot or quadrat (pl. 1, A) is a small division laid out 
within a sample plot for the purpose of studying reproduction or 
other vegetation too abundant to be studied on the whole sample 
plot, or for the purpose of studying the effect of special conditions 
or treatments. 

A plot section is a major division of a sample plot laid off to facil- 
itate numbering and mapping the trees and as a means of using data 
from different parts of the plot separately. 

Control plots are permanent sample plots so established as to form 
a base or norm to which the response of treated plots may be ref- 
erenced. 

Untreated plots are permanent sample plots established for the 
purpose of following through the life of a stand influenced only by 
natural factors.* 

In every study involving a comparison of treatment with no 
treatment, it should be remembered that “no treatment” is in fact 
a special case of “treatment” and that control plots are just as 
important as any of the treated plots, and subject to the same rules. 


PRELIMINARY CONSIDERATIONS 
QUALIFICATIONS OF THE INVESTIGATOR 


Correct establishment of sample plots is not such a simple matter 
as many foresters believe. It requires thorough preparation, a high 
degree of skill, and a knowledge of many requirements and many 
dangers involved. Any man undertaking to establish sample plots 
for use in silvicultural research should first of all have imagination, 
thoroughness, and accuracy; should know and appreciate the prob- 
lem at hand; should understand the specific factors involved; 
should be acquainted with the literature of his general problem and 
with work being done upon the problem; should be familiar with 
the region and type in which the work is to be done; and should 
have a rudimentary knowledge of statistical methods. Of these 


2 Further explanation of terms used in the circluar may be found in definitions adopted 
by the Society of American Foresters (25). 

3 Ttalic numbers in parentheses refer to Literature Cited, p. 62. ; 

‘The classification ‘‘untreated plots” covers growth or yield plots which are 
established in overstocked. normal, or understocked stands in order to determine such 
matters as the application of yield tables, the progress of growth, or mortality. A 
much larger number of these growth plots than has been established in studies thus 
far undertaken appears to be needed to cover the range of sites and of stocking 
commonly found in our present immature forests. 
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qualifications, two demand special emphasis: Knowledge of the 
region and knowledge of statistics. 

Unless the investigator has a thorough knowledge of the region or 
type, he cannot determine whether his samples are truly represen- 
tative. The necessary acquaintance with the region can be gained 
only through well-directed personal experience in the woods. Ex- 
tensive surveys or investigations are the simplest means of gaining 
an insight into stand characteristics over a wide area. 

He who deals with samples necessarily deals with statistics. For 
every investigator who works with sample plots, statistical methods * 
are one of the essential tools of his trade, needed in every phase of 
plot work from establishment to final analysis of data. They con- 
stitute the only means of dealing satisfactorily with questions aris- 
ing constantly in every part of a silvicultural study, such as whether 
the plots are comparable, how many measurements should be taken, 
what degree of reliability can be expected, how much of the varia- 
tion in the results is due to the method of treatment and how much 
to other variables, and what is the estimate of error. 


PLAN OF WORK 


Even with a well-thought-out plan, the quantity of work required 
to collect the basic data of a single silvicultural experiment often 
seems staggering. Good advance planning, however, makes it pos- 
sible to obtain many data with a minimum of effort, and in such 
form as to lend themselves readily to analysis. Statistical analysis 
of the data will show the degree to which apparent relationships 
are significant and how far indications can be relied upon. 

First of all, the purpose of the study should be carefully formu- 
lated. Much time can profitably be devoted to defining the pur- 
pose in advance. The choice of methods of procedure can then 
be made more easily, and it will be unlikely that any needed measure- 
ment will be overlooked or a mass of unnecessary details included. 

Fisher has said that “ Nature will best respond to a logical and 
carefully thought out questionnaire; indeed, if we ask her a single 
question, she will often refuse to answer ‘until some other topic 
has been discussed ” (26). Furthermore, the plots of a given project, 
if properly laid out, are likely not only to contribute toward answers 
to most of the direct questions asked by the experimenter but to 
yield information on other subjects. Before beginning a silvicultural 
experiment the investigator should set down categorically the ques- 
tions to which in his opinion the experiment may be expected to 
indicate an answer. Questions thus listed define the nature of the 
data to be collected and often help in deciding upon the details of 
methods to be followed in collecting them. 


5 Outstanding works on the fundamentals of statistical methods include texts by 
Yule (82) and Fisher (27). Descriptions of special statistical technics applicable to 
forestry problems are available in many other works (1, 2, 13, 14, 22, 29, 30, 32, 33, 
37, 38, 39, 75, 77, 81). See also SMITH, B. B. TH® USE OF PUNCHED CARD TABULATING 
EQUIPMENT IN MULTIPLE CORRELATION PROBLEMS. U.S. Dept. Agr., Bur. Agr. Econ. 1923. 
[Mimeographed.] Methods of preparing volume and yield tables are discussed in the 
appendix (p. 79). As _ statistical methods are now rather generally established in 
biological work and their application to forest research is not particularly difficult, it has 
seemed jozical to omit from this publication a specific discussion of biometry as applied 
o forestry 
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Decisions should be made as far in advance of field work as is 
possible regarding the number, size, shape, and distribution and 
grouping of plots and subplots, width of isolation strips, and size 
of area outside the plot that is to be treated or retained for further 
work. Advance decision is necessary also as to the kind and num- 
ber of measurements and other data to be taken, how these are to 
be taken and recorded, and what instruments are to be used. 

The methods to be used in compiling the data should always be 
considered before the system of recording them is decided upon. 
Thus, if some device such as a punch-card tabulating machine can 
be used, provision for its use should be made in coding and record- 
ing the data in the field. (See appendix, p. 73, for numerical code 
applicable to sample-plot work.) 

Establishment of the plots is only the beginning of the job; the 
necessity of periodic remeasurements constitutes a mortgage upon 
the future. The establishment of a series of permanent plots during 
the slack time of one season may easily result in a burdensome 
schedule of work during a subsequent season when demands on 
time are greater. Whenever possible, a study involving a series of 
plots should be so planned that remeasurements are staggered over 
the years and thus no one season’s work is made much heavier than 
another’s. 

The plan cannot be hard and fast; field and other conditions will 
inevitably necessitate changes in it from time to time. The investi- 
gator should be constantly on the alert for new ideas and extra data 
that will aid in the solution of silvicultural problems. An active 
mind should supplement every working plan, no matter how com- 

lete (6). 

A dialed plan of work for the study should be written before 
the field work of plot establishment is begun. This should begin 
with a clear-cut statement of the purpose of the study and of each 
plot. Next a set of definitions to be used throughout the study 
should be prepared. These should be so complete and unequivocal 
that, if necessary, a second worker wholly unfamiliar with the pre- 
vious work can take up the study at any point and carry it on to its 
conclusion. 

The written plan should describe the conditions to be met in the 
experiment, such as the site, age, density, and normality of the stand. 
Any factors, such as soil conditions, topography, drainage, slope, or 
exposure, that are to be considered in the study, should be outlined, 
doubtful points cleared up, and alternative proposals as to future 
procedure described. 

The plan should record specifically the number, size, shape, and 
distribution of plots and subplots, the width of isolation strips, the 
kind and number of measurements to be taken, the methods of 
measurement, the instruments to be used, and related matters. The 
progressive steps in plot establishment should be described in full. 
If the plots are to be given some form of treatment, the plan should 
outline the methods to be followed. Trees to be cut or trees to be 
left should be described, method of logging or otherwise removing 
products outlined, and the question of slash disposal settled. Be- 
yond this, there should be an indication of the time or season when 
the treatment should be carried out. 


LA 
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A systematic scheme for recording the data should be included in 
the written plan. The forms to be used should be prescribed, with 
column headings specifically indicating what data are to be recorded. 
Abbreviations and symbols to be used throughout the study should 
be set down. (See appendix, pp. 73 and 76.) 


NEED OF CARE IN RECORDING PLOT ESTABLISHMENT 


Anyone who establishes a permanent sample plot should recognize 
that he thereby assumes responsibility for furnishing future workers 
with a complete picture of conditions on the plot at the time of its 
establishment. Not only must each plot be properly marked and 
all measurements be in perfect order, but all notes and records must 
be full and complete. Otherwise, the plots may fail to yield the 
desired results and those who in later years become responsible 
for their care and for analysis of the data may be led into serious 
mistakes. Many a silvicultural study has failed to give even par- 
tial answers to the questions involved largely because the person 
who established the plots failed to make some of the essential 
measurements or failed to make a systematic record of his obser- 
vations. 

The need of care in making plot records is intensified by the 
improbability that the worker who establishes a given series of 
plots will himself remeasure the plots over a long period. In very 
few instances have plots been remeasured over a period of 20 
years, or even 15 years, under the personal direction of the same 
man by whom they were established. 


CREW ORGANIZATION 


Under most circumstances, the most efficient crew for sample-plot 
work is one composed of three men. The leader of the party should 
be a permanent member of the research organization responsible for 
the work. Before going into the field he should become thoroughly 
acquainted with the purpose and plan of the study, and with exist- 
ing plot data. The two other members need not be permanent 
members of the organization, but should be acquainted with forest 
practices and with the instruments used in the work and should be 
thoroughly reliable. If a 2-man crew is used, the helper should be 
familiar with sample-plot procedure. Details of organization will 
vary according to the character of the plots and other features of 
the plan of work. The smoothness with which the work proceeds 
will depend upon the experience of the crew members and, especially, 
upon their energy and their interest in the work. 


NUMBER AND DISTRIBUTION OF PLOTS AND SUBPLOTS 


How many sample plots are needed to solve a given problem in- 
volving treatment depends upon the conditions of the experiment and 
the degree of accuracy demanded in the results. The general tend- 
ency is to establish too few plots. Foresters have too frequently 
failed to realize the complexity of a silvicultural problem or to ask 
themselves how probable it is that the answer obtained from one pair 
of contrasted plots would agree very closely with the answer from 
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another set of plots established, so far as they could judge, under the 
same conditions. Too often they have, in fact, made sweeping de- 
ductions regarding the effect of a single treatment in the absence of 
dependable evidence that the treatment had any significant effect. 

Defects are inevitable in a comparison of treatments based on a 
single pair of plots. Uncontrolled factors inherent in climate, in 
soil conditions, in slope or other factors of site, in biological con- 
ditions, or in stand history frequently have a greater part in the 
apparent response to treatment than the controlled factors, or at 
least create differences that partially or entirely mask the differences 
due to the factors under control. The only remedy is to make enough 
replications to test the significance of the observed differences. 
There is safety in numbers. 

Replication serves two purposes: it effects a high degree of pre- 
cision by diminishing the standard error of the experimental com- 
parisons, and it provides an estimate of error. Both of these are 
needed in any experiment. The former can be obtained by care in 
the conduct of the work, but the latter, essential to any reliable 
scientific study, can be obtained by no means other than replication. 
The latter purpose has often been overlooked, partly because so much 
emphasis was given the former. 

In silvicultural research, satisfactory replications can sometimes 
be obtained by dividing large plots and treating the data from each 
division as if they came from a separate plot. One advantage of 
dividing plots is that it helps to detect unusual conditions existing 
on one part of a plot and not on others. The desirable size and 
number of divisions depend upon the uniformity of conditions on 
the plot as a whole and upon the conditions and purpose of the 
experiment. For example, a plot of one-tenth of an acre in dense re- 
production might well be divided into 10 parts, while a plot of 100 
acres in a mature and open pine stand might not be suited to divi- 
sion. The possibilities that lie in plot division have not been fully 
explored in silvicultural research. It must be remembered that 
division does not eliminate variables due to time. 

Before plots are established the stand should be thoroughly ex- 
amined for uniformity. Obviously, the more nearly conditions in 
the pairs of treated and control plots are alike before treatment, 
the fewer are the replications needed to obtain a result of a given 
degree of accuracy. The kinds of variation most frequently over- 
looked include differences in average diameter, density, diameter dis- 
tribution, stem distribution, species composition, basal area, volume, 
site, and soil conditions (type, depth, texture, and drainage). Plots 
established one above another on a slope are unlikely to yield com- 
parable data, because of differences in soil, site, or drainage entailed 
by such relative location. Plots on south slopes are usually unsuit- 
able to be compared with plots on north slopes, because of differences 
in such factors as humidity, frost, snow accumulation and melt, and 
length of growing season. 

Response to treatment may be profoundly affected if the treat- 
ment is given during abnormally dry or abnormally wet years, or 
at a time when weather conditions are at a peak of cyclic changes, 
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A. Quadrat used in studying details of forest reproduction on a cut-over area. The man holds one of the 
wire pins used to mark tree seedlings. The dotted line drawn on the photograph aids in locating exactly 
the boundary of the quadrat. B, Deception Creek Experimental Forest, Coeur d’Alene National 
Forest, Idaho. A photograph on which the boundaries of an experimental area are outlined affords 
valuable aid in relocating such an area or plot, as well as an indication of general conditions on it. 
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A, Soil profile illustrating the important influence of soil conditions on development of vegetation. Here 
a hardpan layer, probably caused by podsolization, has cz used stunting of a longleaf pine taproot. JB, 
Method of photographing seedlings. 
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An experiment cannot be considered complete, therefore, until plots 
have been established, and measurements made, during a sufficient 
number of different years to show the significance of annual differ- 
ences in weather. 

Under some circumstances replications, while increasing the area 
required in a study, may fail to give any greater accuracy. In 
many field-crop investigations, this difficulty has been largely over- 
come by confining the comparisons from which both errors and esti- 
mates are derived to limited areas, through various plot arrange- 
ments. Such schemes, of which the Latin square (28) is typical, 
should be used more extensively in forest research. No one system 
of plot arrangement has yet been proved the best. In fact, in forest 
research so few studies of arrangement have been made that the 
field can be considered practically unexplored. A wide variety of 
possibilities are open. Only by practical tests largely paralleling 
those made in field-crop investigations can the best, most economical, 
and most practical method be determined. 

For subplots laid out for the purpose of studying quantitatively 
or qualitatively the reproduction on a sample plot, the proper num- 
ber and distribution can be determined statistically (65). Here the 
plot is the area being sampled. | 


SIZE AND SHAPE OF PLOTS AND SUBPLOTS 


How small a sample plot will include enough trees to furnish aver- 
ages of the required representative character depends on the density 
of the stand, variations as to diameter and height, the number of 
different crown classes, the number of different species, etc. The 
number of trees should be sufficient to give a reasonably reliable dis- 
tribution curve for such factors as diameter and height. Since den- 
sity changes with age, a plot area that is ample for a young stand 
may be much too small when the stand becomes older. 

As a general rule, a plot should be of such size that at the end 
of the experiment it will contain at least 100 trees of the predominat- 
ing age class. Under ordinary circumstances it should rarely be 
large enough to contain more than 1,000 such trees at the end of the 
experiment, if only because of the work involved. Where the small 
size of suitable homogeneous stands subject to uniform conditions 
makes it impossible to establish plots of the size recommended, 
smaller plots are permissible. 

Where conditions permit, the area of each plot should be an even 
multiple or simple fraction.of an acre. Simplicity of area conver- 
sion is an advantage throughout the computation and interpretation 
of plot data. 

A rectangular subplot may be of any desired length. If data are 
recorded separately for even units of length, new subplot divisions 
can be decided upon in the office after the data are examined. Rec- 
eerdya units of length and width are the chain and the one-tenth 
chain. 

Subplots in small reproduction that is to be studied intensively 
should be small enough so that a man standing outside a subplot 
can reach any part of it. A convenient unit is the milacre (10 by 
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10 links, or one one-thousandth of an acre). If seedlings and other 
small vegetation are to be mapped in detail, it may be much more 
convenient to use a number of half-milacre subplots (10 by 5 links). 
The smaller size is particularly advantageous where frequent ex- 
aminations are necessary, and is highly desirable on steep slopes. 

In studying herbaceous vegetation, as in ecological investigations, 
quadrats 1 or 2 feet square may well be used. 

Sample plots should be compact. ‘The shorter the perimeter, the 
less the problems of border influence and line trees; and the chance 
of homogeneity is greater for compact plots. On the other hand, 
the danger of inadequate sampling is greater in the case of square 
plots than in that of strip or ne plots; and under some conditions, 
as in very open stands on cut-over areas or in semiarid regions, long 
narrow strip plots are usually preferable. 

In most cases the length of a plot should not be more than 2.5 
or 3 times its width. 

Whenever uniformity of conditions permits a choice as to shape, 
the preference should go to rectangular plots the sides of which are 
even units of measure—especially if the stand is to be treated. Such 
plots are readily surveyed, mapped, and divided, and. their bound- 
aries are easily marked and relocated. 

Under some conditions irregularity in shape is unavoidable, as 
where the forest type to be sampled occupies only a very narrow belt 
such as the bottom of a canyon. In such cases the plots should 
have as few sides as possible; and reentrant angles, and any angles 
less than 60°, should be avoided. Where the boundaries of the type 
area are so irregular as to be extremely difficult to survey on the 
ground, it is advisable to lay out a rectangular plot overlapping the 
area and plot on the map the exact portion of the plot on which the 
type occurs, either by traverse or by strip surveys. This portion 
can then be planimetered and the tree data taken and recorded 
accordingly. 

Circular plots are easy to lay out, and since the perimeter of a 
circle is smaller in proportion to area than that of any other figure 
they are subject to the least possible border influence. To mark a 
circular boundary accurately, however, requires much time, espe- 
cially in young stands. On circular plots there is greater danger 
of inaccuracy in all the operations of plot establishment than on rec- 
tangular plots, and satisfactory division is impossible; in general, 
therefore, circular shape is not recommended for permanent sample 

lots. , 
: It cannot be emphasized too strongly that a sample plot’s size 
and shape, as such, are of much less consequence than its representa- 
tive character. 

The desirable size and shape of subplots, and the desirable number 
per acre or plot, can best be determined through a special statistical 
study of the forest type and of plot conditions. For this purpose, 
one or several areas representing stand conditions comparable to 
those that can be expected to exist on the plots following treatment 
should be divided into a number of small subplots that can be com- 
bined into units of any desired size. The standard errors derived 
from these combinations will indicate what size is most desirable 
for the quadrats (32, 33). 
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ISOLATION STRIPS 


In order that conditions may be the same at the edges of a plot as 
in its interior, an area surrounding the plot on all sides should re- 
ceive the same treatment as the plot. This area is then called the 
isolation strip. In general the chief factors to be considered in thus 
isolating plots are light and soil moisture; in many regions, equal 
weight must be given to evaporation, wind, and temperature. 

The isolation strip should be so wide that any treatment accorded 
the stand outside the strip will not affect the plot. In studies in- 
volving treatment of young stands, such as weeding, thinning, or 
pruning, it is desirable that the width of this strip at least equal the 
height to which the dominant trees on the plot may be expected to 
grow during the course of the experiment. In studies involving nat- 
ural seeding, it may be necessary to make the isolation strip so wide 
that seed from trees outside cannot blow across it to the plot. (In 
many cases, particularly where light-seeded species are involved or 
in regions of strong winds, a requirement that plots used in studies 
of natural seeding be absolutely protected from outside seeding could 
not be met.) 

Neighboring plots that are to be treated differently should be sep- 
arated by a double isolation strip, each plot having its own full- 
width strip. 

The outside boundary of the isolation strip should be marked so 
that treatment of the stand outside will not encroach upon the strip 
and so that any subsequent plot treatment may cover the whole of the 
strip. The markings should be distinct from those used on the plot 
boundary. 

Often it is advantageous that an extra area surrounding both 
plot and isolation strip be treated uniformly with them. This makes 
it possible, without disturbing the plot or the isolation strip, to sup- 
plement plot data through detailed study of changes in wood struc- 
ture and quality, form, etc., that have taken place in trees treated 
uniformly with those on the plot. 

In some studies, such as those of fire damage or natural reproduc- 
tion of hght-seeded species, it is highly advantageous to use a large 
area in order to obtain natural conditions. Thus an area to be 
burned experimentally must be large enough to develop typical 
forest-fire conditions, and the area cut over must be sufficiently large 
to eliminate marginal effects. 


PLOT ESTABLISHMENT °® 
SELECTING THE STAND 


The stand selected for the establishment of permanent sample 
plots must be representative of those to which the results of the 
plot study are to be apphed; and its location, etc., must be such that 
the plots will be readily accessible, both at the time of establishment 
and throughout the study period, and will be assured of protection 
from all disturbing influences throughout that period. 


6 Instruments, tools, etc., needed in plot establishment and in other plot work are 


listed in the appendix (p. 72). 
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The investigator should make certain that the area on which it is 
proposed to work is the best available for the purpose of his experi- 
ment. ‘To do this he must judge the area on the basis of a thorough 
knowledge of the region and may need also to make a careful recon- 
naissance, taking into account not only the stands’ condition, stock- 
ing, history, and adequacy for the study proposed but also climatic, 
physiographic, and geologic features." 

“Readily accessible ”, as used here, implies reasonable nearness 
to good transportation facilities and to suitable headquarters. It is 
highly important to remember that stands easily accessible today 
may become relatively inaccessible tomorrow through abandonment 
of logging railroads, trails, or roads, or through changes in high- 
way location. Conversely, on national forests and other areas where 
road, trail, stock-driveway, or railroad location plans are available, 
these should be consulted in order not to place plots in the way of 
new construction. 

Accessibility saves time on each visit to the plots, eliminates a 
temptation to slight them, and enhances any demonstrational value 
they may have. 

Not only must the stand selected be extensive enough to accommo- 
date satisfactorily all the plots proposed, including the required con- 
trol or check plots and the isolation strips, but preferably it should 
be extensive enough to make possible future expansion of the 
experiment. 

Selection of the stand may be affected by requirements as to labor, 
supplies, water, markets, and exclusion of grazing animals, or by 
other conditions either existing or foreseen. 

For sample plots on which long-time studies are to be undertaken, 
permanent tenure and continuous protection must be assured. Per- 
manent plots that cannot be safeguarded for at least 10 years are 
of questionable value, and most permanent plots should be available 
for at least 20 years’ use. The expected period of use is governed 
largely by such considerations as the age of the stand and its rate 
of growth. Naturally it is shorter for rapid-growing stands than 
for others. While some plots yield valuable results within a few 
years, usually the value of the results increases with mounting 
rapidity as the years pass. Undoubtedly, many plots originally 
established for short periods will be maintained for longer periods 
because of their increased value. 

So far as possible, plots should be established on forest areas set 
aside for experimental purposes... Experimental forests offer the 
greatest security for investigative work because they are removed 
from the control of any agency not immediately interested in the 
results, because the policy governing them is definitely fixed, and 
because they can be developed in accordance with research needs. 
Such areas also permit concentration of experimental work, with 
consequent reduction in travel time and increase in effectiveness. 
Again, they permit the collection of certain pertinent basic data, 
such as meteorological and phenological records, that could not be 
collected on scattered plots. | 


7ToUMEY, J. W. FOUNDATIONS OF SILVICULTURE. v. 3. Ann Arbor, Mich. 1926. 
[ Mimeographed. ] : ; : 

8HWor Forest Service policy regarding establishment of experimental forests. see 
appendix, p. 86, 
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In the absence of an available area definitely dedicated to re- 
search, plots should be established on public rather than privately 
owned forests. Public ownership provides stability of tenure and 
of management policies, and a degree of protection usually greater 
than that on private land. On privately owned lands economic in- 
fluences operate to bring about rapid changes in ownership or poli- 
cies, often in spite of the owner’s wishes. Even the best of leases 
expire, and cooperative agreements terminate, often at times when 
the value of the plots is at its maximum. Corporations are more 
likely to hold land under a continuing policy than individuals. 

Even on a public forest, before selecting a stand for plot estab- 
lishment it is necessary to give careful consideration to present and 
prospective modification or use of the area as in timber sales, recrea- 
tion, or grazing, and to the possibility of the area’s being removed 
from research use as by reservation for municipal watershed pro- 
tection. 


AGREEMENTS WITH FOREST MANAGERS AND OWNERS 


Before sample-plot work is begun on a publicly owned forest 
other than an experimental forest, approval of any needed restric- 
tions should be obtained from the supervisory officer in charge of 
the area. As soon as field work on the plots is completed, both the 
supervisory officer and the resident ranger, guard, or caretaker 
should be supplied with maps and data showing exactly the area 
to which restrictions apply. If possible, it should be arranged that 
the local supervisory officer visit the plots in company with one of 
the responsible research workers. 

When plots must be located on private land, full cooperation of 
the owner should be obtained in advance. The extent and location 
of the area involved should be shown on a map, and the owner’s 
agreement to whatever restrictions must be placed on its use should 
be obtained in writing. A specimen form of agreement for this 
purpose is given in the appendix (p. 89). 


LOCATING PLOTS WITHIN THE STAND 


Plots should be located well within the selected stand, so that plot 
conditions may be truly representative and free of the influence of 
surroundings not typical of the stand. Particularly should they 
be so located as to be free of “border” influences such as exist 
along roads and at the edges of clearings, fields, or other openings 
in the stand. Highways have an especially marked influence upon 
soil drainage, upon crown development, upon the minor vegetation 
near the break in the canopy, and upon air movement. (See dis- 
cussion of isolation strips, p. 11.) 

Plot location should aim at uniformity as to geologic factors (rock 
outcrops, soil depth, and soil character), physiographic factors 
(slope, exposure, elevation, and drainage), history (as to fire, cut- 
ting, grazing, insects, diseases, wind), and stand factors (crown 
cover, density, stocking, age, species composition, and distribution 
of tree sizes), unless differences due to variation in these factors 
are to be studied; and in the latter case uniformity within the in- 
dividual plots is desirable, in conjunction with divergence between 
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them. Small openings in the stand such as often result from the 
action of wind, insects, diseases, or fire, from culling, and from 
other causes may be included if they are typical of the stand and 
site, except that they probably should not be included in yield plots. 

Proper location of a plot within a stand calls for the exercise of 
good judgment and requires considerable preliminary work. In 
choosing a plot location the investigator should at all times guard 
against personal bias. When it has been determined by careful 
eXamination that the area meets the conditions of the experiment 
in a general way, a more detailed and thorough scrutiny is in order. 
This may involve a preliminary tally of diameters by species, to check 
composition and diameter distribution; the preparation of a height- 
diameter curve, or several such curves in various portions of the 
stand, to check site; borings to determine age; a check of history, 
especially fire history; and a preliminary study of the soil ® as to its 
texture and depth (especially, the depth of the A and B horizons) 
and the character of the subsoil. An example of soil conditions 
having an important influence on tree development is shown in 
plate 2. 

The next step is to establish tentatively the boundaries of the plot 
or plots. This can be done by running twine along the proposed 
boundaries, taking care only to keep the lines approximately straight. 
The plots so laid out are again examined to make sure that they are 
in general comparable. Often it is necessary to establish subplots 
and to analyze the data for these in order to be positive that the 
plots are homogeneous, that statistically no significant differences 
exist among them, and that they are thoroughly comparable. Some 
shifting of lines may be necessary to eliminate a portion of a plot 
where the number of trees per unit is below the acceptable standard, 
to avoid a rock outcrop, or to get the plot arrangement that is the 
best possible from all points of view. 

Time spent in the preliminary survey of a plot is well spent, if 
it assures due consideration of all the factors concerned. 


SURVEYING AND DEMARCATING PLOTS 
SURVEY OF PLOT 


The accuracy of all data on an areal basis derived from a sample 
plot depends upon the accuracy with which the plot is surveyed. 
Conversely, the accuracy required in surveying plots depends upon 
the accuracy desired in the areal data to be obtained from study of 
the plots. On permanent plots additional need of accuracy arises 
from the fact that it may sometime be necessary to relocate a sec- 
tion of the boundary or even a corner. 

Absolute accuracy in sample-plot work is of course out of the 
question, because biological phenomena incapable of absolute 
measurement are involved and because perfect sampling of the 


24 knowledge of soils and of methods of classifying soils is greatly needed in forest 
research in order to make sure that plot conditions are uniform. Through recent 
developments in the technic of soil analysis it has become possible to make an approxi- 
mate check of soil characteristics with relatively little labor. The Bouyoucos hydrometer 
method (11) enables one to determine the main features of soil texture in about 15 
minutes with relatively simple laboratory equipment. Microchemical methods make 
possible rapid analysis of soils for important plant nutrients (53, 76). _ Classification 
of soils, according to percentage of sand, silt, clay, and various combinations of these, 
is easily effected by use of the Whitney diagram or some variation of it (77). 
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areas to which the research findings are to be applied is impossible 
as regards either stand, sites, or topography. This fact, however, 
does not lessen the need of care in the survey or in any other fea- 
ture of plot measurement. 

The smaller the plot, the greater the need of accuracy in the 
survey. ' 

In many studies an accuracy of about 1 in 500 will suffice. This 
may be expected when a staff compass and steel tape are used. 

The usefulness of the compass has decided limitations where 
magnetic attraction is present, where slopes are steep, where stands 
are dense, or on plots having more than four sides. The compass 
is subject, also, to considerable instrumental error. 

When the compass is used with an angle mirror, the results are 
more precise if only 90° angles are involved. In this case the com- 
pass is used not. as a compass but merely as a convenient sighting 
instrument. In surveying plots of less than half an acre, the angle 
mirror can be used alone (65). 

In capable hands the transit is a highly satisfactory instrument 
for surveying sample plots, although it 1s rather expensive and some- 
what cumbersome and its use consumes much time. By the use of a 
transit, survey accuracy can be increased to 1 in 1,000. As an 
added check, the diagonals of rectangular plots may be measured.” 
Directions for surveying such as are given in various manuals and 
texts should be carefully followed. 

Steel tapes should be considered standard for linear measurements. 
A tape graduated into links instead of feet is convenient for laying 
out plots containing even acres or simple fractions of an acre. A 
surveyor’s link chain has certain advantages over a tape for laying 
out small quadrats, because it can be bent around corners and can 
be fastened at convenient intervals with chaining pins. When the 
links become worn, however, such a chain is inaccurate. When 
horizontal distances are to be measured on a slope, a “ topographic ” 
tape, used with an Abney level fitted with a corresponding topo- 
graphic limb, saves time and gives measurements as precise as those 
obtainable with compass and chain (66). The survey notes should 
show the Abney readings on all lines. 

On steep, brushy slopes, stadia surveys consume much less time 
and are often more accurate than direct measurement. 

Instruments used in plot surveys are shown in plate 3. 

Sample-plot areas should be measured horizontally and the data 
expressed in terms of horizontal area. As slope apparently influences 
growth," it is important that degree of slope be indicated. 

In many instances preliminary lines can be run accurately with 
the aid of a reflecting surface such as an aluminum notebook holder 
or the bottom of a pie pan. If the reflected beam of light is flashed 
up and down along the line, the head chainman can sight back and 
thus keep accurately on line. To what distance such a beam can 
be used depends upon brightness of sky, time of day, direction of line. 


104 plot-survey method in which use is made of plan 1 id: té is 
aestrabearhy IMCIN Gh. plane table, alidade, and tape 
1 McArdle and Meyer (47), taking a slope of from 20 to 30 percent as normal in 
Douglas fir stands, found the yield on level ground 5 percent less than normal, that on a 
30- to 50-percent slope 5 percent greater than normal, and that on an 80-percent slope 
cone less than normal. The relationship of slope to growth needs much further 
y. 
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and density of undergrowth. Under ordinary circumstances it serves 
to signal through fairly heavy brush for about 200 feet. 

In forests containing much deciduous growth, the survey can be 
made more easily after the leaves have fallen. 

Cutting of brush and undergrowth along survey lines should be 
held to the minimum, and no other disturbance not made necessary 
by the conditions of the experiment should be tolerated. 

Trees designating plot boundaries may be marked temporarily by 
scratching blazes on the bark or by striking the trunk with a sack of 
loosely woven material, such as a cotton sock, containing powdered 
paint or chalk. In many cases it is preferable to outline the bounda- 
ries temporarily with string. For this purpose a stout cord or 
carpet twine serves satisfactorily. Such cord may be used later, 
also, in dividing the plot. 

Blazing, scarring, or other defacing of trees in any stand should 
be avoided unless it has a valid and clearly understood purpose; pro- 
miscuous blazing in connection with research projects is particularly 
reprehensible. 

Trees on the line should be counted as within the plot if more 
than half the diameter at the stump is inside the line. Where actual 
“ line trees ”, that is, trees the stems of which are at the time of plot 
establishment exactly bisected by the line, are encountered, alternate 
individuals should be considered “in” and “ out”, with the invari- 
able exception that line trees leaning into the plot should be con- 
sidered “in” and line trees leaning out of the plot should be con- 
sidered “out.” Trees on the line should be so specifically and 
clearly designated at the time of the survey as to inclusion or 
exclusion that in future years no question will arise in this regard. 

The survey of a plot boundary should not be considered complete 
until the error of closure has been determined and found to be 
within the error previously decided upon as allowable. If the error 
of closure is too large the survey must be repeated. 

Full and complete notes should be kept of all surveying in connec- 
tion with plot establishment. These should record the date, the crew 
personnel, the kind of instruments used, the error of closure, the 
weather, and, if a compass is used, the magnetic declination. 


DIVIDING A PLOT 


Dividing a plot into sections, as has been mentioned, permits repli- 
cation, makes it possible to arrange tree numbers systematically, and 
facilitates the mapping of stems. Furthermore, division of a large 
plot into a series of subplots in checkerboard fashion makes it pos- 
sible to salvage a portion of the plot if some accident fatally disturbs 
stand conditions on another portion. 

Any final plot division should be postponed until the survey of the 
plot has been made to check. Ordinarily, however, while plot bound- 
aries are being established division stakes or flags may be tempo- 
rarily set along them. If the plot is rectangular and not too large, 
such stakes should be set at regular intervals all around the bound- 
ary and corresponding stakes on opposite sides of the plot then 
connected with strings, which will divide the plot into rectangular 
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INSTRUMENTS USED IN SAMPLE-PLOT WORK. 


A, Surveying and height-measuring instruments: 1, Standard United States Forest Service compass; 
2, Klaussner hypsometer; 3, Abney level; 4, steel tape and reel (a buckskin loop on the head end of the 
tape is easier to manage under forest conditions than the handle commonly used by surveyors); 5, 
standard United States Forest Service hypsometer. B, Other common instruments: 1, Increment- 
core measuring device (a core is shown in the slot beneath the magnifying glass). 2, 3, 4, Diameter tapes: 
2 has a steel pin to hold the end in place, 3 a loop, and 4 a hook. 5, Tags made by embossing numbers 
on aluminum tape, nail hole at right end. 6, Increment borer with dagger extractor. 7, Swedish bark 
punch ae Timber scribe. 9, Bark blazer or scratcher. 10, Wooden calipers, United States Forest 
Service type. 
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MARKERS FOR SAMPLE-PLOT CORNERS. 


A, Concrete post (for specifications, see p.18) for major corners. 8B, Angle iron (here indicating plot 7, 
corner B). C, Wooden post carrying aluminum-tape tags on which plot data are embossed. D, Plot 
corner mark etched on boulder, with painted description and with striped l-inch pipe as witness. 
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sections. These stakes should be made permanent markers. Inter- 
mediate lines can be established with the angle mirror, compass, or 
transit. 

The size of plot divisions depends chiefly upon the character of 
the data to be gathered. The larger the trees on the plot and the 
smaller the plot, the less desirable it is to make small divisions. 
Small divisions made in young stands can later be combined. 

Mapping and area calculations are simplified if the sides of the 
plot divisions are in some readily usable unit such as 10 links, 14 
chain, 10 feet, or 25 feet. On plots the sides of which are not mul- 
tiples of any of these lengths, in order not to have a tier of odd-sized 
sections left along 1 or 2 sides of the plot (an arrangement in which, 
however, there is no harm) it may be thought preferable to make 
the sides of the sections proportional to the sides of the plot. 


DEMARCATING BOUNDARY AND CORNERS 


The plot boundary, and all plot corners, ends of line plots or 
transects, and other stations that will be used again—such as photo- 
graphic, litter, or soil stations—must be permanently and conspic- 
uously marked so that they can be relocated quickly and surely. 

The boundary line may suitably be marked with blazes or paint 
spots placed to face the interior of the plot. Such marking should 
be done systematically. Trees on the line may be ringed or marked 
with vertical streaks of paint placed on opposite sides of the tree 
through which the line passes; trees outside the plot but near the 
line may bear streaks at a slight angle with the vertical, placed to 
face the line; trees farther from the line, streaks at a greater angle 
with the vertical; and trees at more than arm’s length from the 
line, horizontal streaks. 

Promiscuous marking of trees, either by painting or by blazing, 
should be carefully avoided. If the trees on the plot are numbered 
and properly marked, in later years there will be no question of 
which are in and which are out, except in the case of trees that later 
grow into the diameter class recorded. 

In Europe, plot boundaries are often indicated exactly by a shal- 
low ditch extending along the boundary either throughout its length 
or for a distance of from 20 to 50 feet from each corner. These 
ditches remain clearly in evidence for many years. They should not 
be used, however, where they will affect drainage or on slopes where 
they may cause abnormal erosion to develop. 

Painting in connection with sample-plot work should be done with 
a good grade of zinc or lead paint, of conspicuous color, Known to 
be weather-resistant. The tannin and resin of the bark of various 
species react differently to different paints; but so little is known 
on the subject that no further specific recommendations can be 
made.?? Certain automobile and wagon enamels weather well, retain 
their bright colors, and tend to bind the bark to which they are 
apphed. Bright yellow, bright orange, sky blue, and white are all 
conspicuous in the woods. White is not ‘recommended where sample- 


122 Reports on experience with different brands of paint in sample-plot marking will be 
welcomed by the Division of Silvics, Forest Service, Washington, D.C. 
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plot work is to be done in snow. Aluminum paint promises to give 
satisfaction on trees having a dark bark. 

Posts of durable wood, concrete, stone, iron pipe, reinforcing steel, 
or angle iron may be used to mark the permanent stations on sample 
plots. They should be so firmly set in the ground that frost cannot 
heave them. Lengths of angle iron, since they nest together, can 
be packed more easily than round pipe. Angle iron used alone 
sometimes is badly affected by frost heaving. To avoid this, a 
small plate 6 or 8 inches wide may be riveted or otherwise fastened 
to one side of the angle bar close to the lower end. When this plate 
is driven into the soil it usually holds firmly. If one plate is inade- 
quate, a second plate should be fastened on the other angle. Rein- 
forcing steel cut to proper length is especially useful for subplot 
corners. In loose soils an iron post can be anchored more firmly 
if the end to be set in the ground is bent into an L or a J, or 
perforated and fitted with an iron crossbar. To be conspicuous, 
posts should overtop ordinary weeds and grass and should be painted 
a bright color. Wooden markers should be protected from fire by 
stones or dirt piled at the base. 

Specifications for a concrete post suitable for use as a sample- 
plot marker are as follows: 

Use 1 part portland cement, 2 parts clean sharp sand, and 8 parts clean 
gravel or crushed rock that will pass a %-inch screen. Only so much 
water should be used that the mortar will completely coat the coarser ma- 
terials, that all the particles of the aggregates will adhere, and that, when 
the concrete is tamped, the water will just flush to the surface without quak- 
ing. Concrete should be thoroughly mixed (preferably for 1144 minutes in a 
concrete mixer) and tamped in form. Inside of form should be smeared 
with oil or grease (old engine oil is suitable) before concrete is poured. For 
reinforcing, %4-inch deformed reinforcing rod 23 inches long should be used. 
Post should be cast upside down, by placing cap, tied to reinforcing rod, face 
down in form and pouring concrete into larger end of form. Outside surface 
of post should be smooth. Post should be allowed to remain in form 24 hours, 
and after removal should be kept moist for 1 week while curing. The form 
should be thoroughly cleaned after each casting. 

A post made according to these specifications is shown in plate 
4 and figure 1. ae 

If a corner falls upon rock and it is impracticable to choose 
another location for the line, the corner point should be scratched 
or chiseled deeply in the stone and suitable reference or witness 
markers established. 

Several different methods of marking plot corners are illustrated 
in plate 4. 

Plot corners should be marked with the plot and corner numbers. 
This inscription should preferably be painted on the corner post. 
It may be stamped on a tag and wired to the post. On a wooden 
post it may be scribed, carved, or outlined with nails, and the direc- 
tions of adjacent boundary lines may be indicated by a cross on 
the top. One corner of each subplot should bear the subplot number. 

The markers for each class of station should be distinctive. Those 
for plot corners should be the most prominent. Other stations may 
be denoted with smaller markers, each series of which is differen- 
tiated from the others by the use of different-colored paint or dif- 
ferent symbols. Confusion among the various types of markers 
can be avoided by properly locating and indicating them on the 


plot map. 
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Although the discussion in this section applies primarily to per- 
manent plots, the repeated measurements or examination of seml- 
permanent and temporary plots and of strip-cruise lines are often 
so valuable that all such plots and lines should always be 
marked with durable posts or in some other permanent way. 
Bark blazes made with a hatchet or bark scratcher along the 
boundaries of temporary plots as a means of exact relocation require 
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FicurRp 1.—Construction of concrete post: A, top view; B, elevation; C, completed post. 


little extra time and last for many years. At least one corner, or 
the center, of each temporary plot should be permanently marked, 
and at least the starting and ending points of strip-cruise lines. 


SURVEY OF SUBPLOTS 


Subplots (or quadrats) should be surveyed at least as accurately 
as plots. They should never be laid out with a compass. A rigid 
ene should be used to lay them out, or their diagonals should be 
checked. 


20 CIRCULAR 333, U.S. DEPARTMENT OF AGRICULTURE 


Subplots should be laid out on the slope rather than horizontally, 
if they are to be mapped. This eliminates the bothersome necessity 
of allowing for slope in measuring the coordinates of each tree, and 
the data can be reduced to a horizontal-area basis by the use of a 
simple converting factor. Furthermore, the vegetation on sub- 
plots can be mapped more easily if measurements are taken along 
the slope. For subplots thus laid out slope must be carefully re- 
corded, in order to facilitate conversion to an acre basis. 

The location of all subplots irregularly placed should be ref- 
erenced to plot-boundary stations or to regularly placed subplots. 


PLOT CORNER TIE-INS AND WITNESSES 


Each plot corner should be tied in by bearing and distance to 
1 or 2 witness trees or, if trees suitable for this use are lacking, to 
witness stakes or large rocks set for the purpose. Numbered trees 
within the plot are excellent witnesses, if they are to remain in the 
stand throughout the experiment. If stakes or other artificial 
markers must be used as witness points, they may be placed one on 
each side of the corner in such a way that they and the corner 
form a straight lne. Another method is to place the witness 
markers on the plot boundaries about 20 feet each way from the 
corner of the plot. In very young stands, shallow ditches extend- 
ing 8 or 4 feet from the corner along adjacent sides of the plot 
may be used to indicate the corner’s position. 

Blazes on witness trees should face the plot corner. If paint is 
used to mark witness trees, double bands should be painted around 
the tree at about eye height, with a vertical stripe crossing these 
on the side of the tree facing the corner. Small enameled signs 
bearing the name of the agency responsible for the plot and a blank 
space for painting in the plot number may be tacked on witness trees. 


NUMBERING PLOTS, SUBPLOTS, AND PLOT SECTIONS 


Where a considerable number of plots are involved, some scheme 
for designating each individual plot should be worked out in advance 
and carefully followed. Generally speaking, all plots in a given 
locality should be numbered consecutively as established, regardless 
of differences of purpose. Where several parties from one research 
agency are at work in the same locality at the same time, it may 
be necessary to use before each plot number a letter designating 
the party. In order to avoid later confusion, the number of an 
abandoned plot should not be given to a new plot in the same 
locality. 

Each group of consecutively numbered plots should be called by 
some appropriate and distinctive name, such as that of the State, 
the forest, or the drainage. Each plot should be designated by this 
name plus the plot number, e.g., Virginia 8, Shasta 5, or Pinto 
Creek 13. County names, because of duplication between States, 
often would fail to distinguish the plot groups of an interstate 
research organization.'® 


13 Tf the plots established by an interstate organization are numbered serially in each 
of the States in its territory, the number of the latest plot established in a State is an 
index of the quantity of sample-plot work under way in that State. This plan is not 
feasible if the agency has several parties at work establishing plots at the same time. 
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The subplots on each plot should be numbered in a single series. 

Several schemes are used for numbering plot sections. By one, 
the rows of sections are numbered across the plot from left to right, 
and the tiers of sections are lettered accordingly. Each unit is then 
distinguished by a letter and a number, as B-8._ By another scheme 
the units are numbered consecutively back and forth across the plot 
like the sections in a township. The coordinate scheme has many 
more advantages than has the consecutive-numbering plan. 

If plot data are to be put on punch cards, locality names should 
be coded and an entirely numerical scheme should be used to desig- 
nate subplots and plot sections. 


LOCATION SURVEY 


Each sample plot or group of sample plots should be referenced 
to some permanent and readily definable object or point. The sur- 
vey traverse should begin at the point selected as a tie and, whenever 
possible, should end at the “initial” corner of the plot or plot 
series. Objects such as Land Office survey corners, bench marks, 
railroad switches, bridges, and road or trail intersections make 
excellent reference points for plots not within experimental forests. 
Objects that can readily be moved, such as fence posts, logging- 
railroad spurs, or posts set along highways, are much less desirable. 

As an aid in relocating plots, distinctive markers calling atten- 
tion to the plots should be established along the nearest road or trail. 
Small tin or cloth signs bearing appropriate wording and tacked 
on trees near the road or trail are often very helpful in showing the 
way to the plots and as a means of relocating the traverse line. A 
number of research agencies are now using special tin signs about 
6 inches square for this purpose. These signs are especially helpful 
if they give the plot designation and the distance to the plot. Some 
agencies use signs along roads and trails not only to show where 
the plots are located but to inform the public as to the purpose of 
the plots and the conditions illustrated by them. 

Photographs are helpful in showing the location of a plot or 
series of plots, as on a side hill or in relation to some outstanding 
topographic feature. This value is illustrated by the aerial photo- 
graph of the Deception Creek Experimental Forest, Coeur d’Alene 
National Forest, Idaho, that appears as plate 1, B. A series of 
photographs centering along the lne of the plot-location survey 
not infrequently aids in relocating lines and finding plots without 
instruments, especially if trees along the line bear distinctive mark- 
ing, either painting or blazing. 

A “motor log” from, the post office or some other unmistakable 
point in the nearest town to the place where the cars of visitors to the 
plots are to be parked is very useful. Distances should be read: from 
a speedometer and recorded to the nearest one-tenth mile. The log 
should be complete enough to be followed easily by a person un- 
familar with the locality. 

A location survey for temporary plots may not be necessary, but 
is helpful if the plots are reexamined. It need not be so accurate 
as that for permanent plots. 
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PLOT MAPS 


At least two general maps are needed. The first should be a 
sketch map showing the general location of the plot or series of plots 
and the tie-in traverse. It should show the plot in relation to nearby 
roads, camp sites, streams, etc., and should be accompanied by clear 
and definite instructions for reaching the plot from a nearby town 
or from some other specific and generally known point. A _ high- 
way and road log map showing the way from the nearest town is 
oiten helpful. For plots on an experimental forest, in some cases it 
will be unnecssary to prepare a special map of this character be- 
cause all plots will be located on a map of the area. 

The second map should show the position and, by appropriate 
symbol, the designation of all corners and permanent stakes, the 
position and character of each subplot, and the bearing and distance 
of each boundary line. Great care should be taken to make station 
designations on the map correspond exactly with those on the plot. 
The scale of the map and the area of the plot or plots should in- 
variably be shown. In some cases it is well to indicate the position 
of each tree. 

General plot maps are more convenient for use if north is toward 
the top of the page and all letters and figures read from one direc- 
tion, preferably, the left. The maps should be of letter size (8 by 
1014 inches) or, if that is impractical, of double letter size or of Atlas 
size (18 by 21 inches). 

For many plots, one or several additional maps will be needed. 
Some will give such details as the location of subplots, camera points, 
skid trails, slash piles, old logs, windfalls, and rock outcrops. In 
some ecological studies it is desirable to plot the location of patches 
of spreading plants such as honeysuckle, squaw carpet, chaparral 
species, and bunch grasses. The purpose of the study largely de- 
termines what details should be shown, and how far it is necessary 
to show changes in plot appearance between one measurement and 
another. 
aes used in sample-plot mapping are shown in the appendix 

1G) 

"On detailed plot maps it is not essential to have the north side 
of the plot at the top of the map; convenience in field work should 
govern. Thus in many instances in which the plot is located on a 
slope, for greatest convenience in sketching, the mapper should face 
downhill. This makes the lower plot boundary parallel the top of 
the page. 

On all maps north should be indicated by an arrow, and the plot 
corner numbers should be given. The combination lessens the likeli- 
hood of confusion and error in either field or office work. 

In mapping as in all other plot work, a high degree of accuracy 
is essential. 

All maps should be dated and initialed. 


INDIVIDUAL TREE CONTROL 
NUMBERING TREES AND MARKING THE MEASUREMENT POINT 


A control of individual tree measurements on a plot may be 
needed as a means of preventing duplicate measurements. In per- 
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manent plot work it is necessary as a means of studying the develop- 
ment of individual trees or classes of trees.” 

If only a control of stand data, i.e., number of trees and basal 
area, is desired, chalk marks, bark scratches, or light blazes made 
on each live tree as it is measured will suffice. Powdered chalk and 
carpenter’s chalk are both much more satisfactory for use on rough- 
barked trees than keel chalk or crayon. Light bark scratches and 
blazes can be made quickly with any one of several types of bark 
scratchers now on the market, such as that shown in plate 3. The 
most satisfactory method of making individual trees permanently 
identifiable is to give each an individual number. This is done 
usually by attaching a numbered metal tag to the tree or by painting 
a number on the bole. Several methods are shown in plate 5. 
Each of these methods of identifying the tree has marked advantages 
and disadvantages. In some cases local conditions make one method 
decidedly superior to the other, in other cases the choice is entirely 
arbitrary. 

Under some circumstances, such as in method-of-cutting studies, 
the identification of a tree cannot be left wholly to stem markings of 
any kind. Logging may so damage the markings on the trees that 
they cannot be restored with certainty. On plots located in parks 
and on other recreational areas, markings may be banned for 
esthetic reasons. In some situations, markings on trees provoke 
curiosity to such an extent that they are likely to be destroyed. In 
such conditions the trees should be identified by means of a stem 
map (p. 50), either with or without individual tree markings. 

In order that mortality may be correctly recorded, trees dead at 
the time of pilot establishment should be cut down or heavily blazed 
so that at the next measurement there can be no doubt as to which 
trees have died during the interval. 


TAGS VERSUS PAINTED NUMBERS 


Tags are easily and quickly applied; they can be used on rough 
and on smooth-barked trees with equal facility, and ordinarily do 
not need renewal during the life of the experiment. On the other 
hand, nails driven into trees to hold tags may cause swellings that 
make diameter measurements inaccurate, or may cause splits several 
feet long. Tags can easily be removed by trespassers, and may be 
knocked off by falling trees or branches; they sometimes corrode so 
that the numbers become illegible (52) ; and they may be grown over 
by the trees and buried in the wood. On fire plots, tags are likely to 
be unsatisfactory because of melting. Further, if a tagged tree is 
eventually felled and sent to the mill, embedded nails may ruin the 
Saw. : 

Painted numbers have the following advantages: They do not 
injure the trees in any way and can be read quickly at a distance: 
they cannot easily be removed or changed; no time is lost in pre- 
paring them, as in punching out tags; and their use permits numbering 
the trees independently of any series of numbers on ready-stamped 


4% Mhe discussion in this section relates primarily to trees in the 4-inch and larger 
diameter classes, although in some studies trees even of the 1-inch diameter class may be 
individually measured and recorded. Usually trees in the sapling stage or smaller are 
classed as reproduction (p. 48) 
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tags. The objections to painting are that it takes longer to paint 
numbers than to place tags, especially on small trees; chemical com- 
pounds contained in the bark of certain tree species cause the paint 
to fade quickly, with the result that the numbers have to be repainted; 
the bark on some species scales freely; cracks in the bark, caused by 
growth, make numbers difficult to read if not often renewed; the 
smoothing of rough bark to receive the painted numbers sometimes 
affects the growth of the tree; and painted numbers may be effaced 


by fires. 
TAGGING 


The kind and size of tag to be used in marking sample-plot trees 
are largely matters of personal preference. Zinc, copper, brass, 
aluminum, iron, and tin tags have been used. Of these metals iron 
and tin are the least durable out-of-doors. Aluminum is lightest 
in weight. Small painted galvanized-iron or wooden panels have 
been used (pl. 5, D)). 

Under conditions of fairly high atmospheric moisture, and espe- 
cially in regions in which the atmosphere contains industrial gases, 
aluminum and zinc tags attached to trees by copper wire or nails are 
rapidly corroded by electrolytic action. There should be recognition 
of this phenomenon in the choice of tag and wire or nail material. 

Tags may be bought already numbered in series, numbers may 
be stamped with hand dies on tags of soft metal like copper or zine, 
or tags of aluminum ribbon may be numbered on an embossing 
machine. Figures one-half to three-fourths of an inch high on 
tags 11% inches in diameter are easy to read, but the tags are bulky 
and are so conspicuous that they are likely to be stolen. Figures 
much less than one-fourth of an inch high, on the other hand, are 
hard to read. 

Perhaps the greatest satisfaction is given by tags punched out 
of aluminum ribbon on an embossing machine. Such tags, shown 
in plates 3, 4, and 6, B, can be made up as needed, and are light and 
easy to handle. The ribbon is thin and hkely to tear, however, 
and in a hot forest fire may melt. Tags of fairly heavy aluminum 
ribbon three-fourths of an inch wide are the most satisfactory for 
use on large trees. For use on small trees and on reproduction, 
14-inch ribbon is usually adequate. 

Durable nails should be used to affix tags to trees. Copper nails, 
brass escutcheon pins, or galvanized nails may be used. Copper 
nails when embedded in a tree are less injurious to saws than nails 
of other metals. Size depends to some extent on the size and growth 
rate of the trees. Galvanized wire nails 214 to 31 inches long, with 
shanks that slip easily through the holes in the tags and with heads 
large enough to hold the tags, are satisfactory in most cases. In 
species with such hard wood as hickory or white oak, difficulty is 
experienced with any type of nail. 

Tags are usually hung at breast height.. 

The point of the nail should not be driven deeply into the wood. 
The shank should protrude sufficiently to allow for radial growth 
up to the time of the next remeasurement, and at that time it should 
be pulled out so that it again protrudes. On trees with very thick 
bark the nail need not be driven to the cambium, in which case it 
will not be grown over at all. In some species with moderately 


PLATE 5 


ar 333, U.S. Dept. of Agriculture 


ircu! 


c 


’ % 


» 


a 
i — 
» MH! ere 


% 


RN iter ene 


EE ON 7 att tite | 


METHODS OF NUMBERING TREES ON PERMANENT SAMPLE PLOTS. 


y a painted line, and 


alvanized iron, hand stamped. JD, 


painted dot and in Bb 


C, Square tags, of g 
a 


marked in A by 
sition of the nail supporting the tag. 


S 


iled numbers. 


s. B, Stenc 
The breast-height point i 
C and JD is indicated by the po 


Freehand number 


Panel tags. 


in 


, 


A 


Circular 333, U.S. Dept. of Agriculture PLATE 6 


A, Seedlings, on a subplot, marked by small plant stakes. Numbers or records of the individual plants 
may be written on such stakes. 8B, Well-marked transect divided into quadrats. Corners are numbered, 
and the initial corner, at left, carries an aluminum-tape tag giving a few data on the plot series. <A sign 
at extreme right describes the plot. 
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thick bark the nail will be held tightly but not overgrown if its 
point barely penetrates the cambium. The nail should be driven 
in such a way that the head is very slightly lower than the point. 
The tag thus held rests at the head of the nail by reason of gravity, 
and is not so likely to be grown over or coated with pitch. 

Tags made from metal tapes can be read in the field more quickly 
and with fewer errors if nailed at the left of the number, only 
one nail being used on each tag. 

When a plot is abandoned, all nails and tags should be removed. 


PAINTING NUMBERS 


Numbers painted on trees should be placed a foot above breast 
height if the trees are not to be cut, and below stump height if the 
trees are to be cut. The figures should be large enough to be easily 
legible. In general, large figures are less subject than small ones to 
distortion by the spltting of bark that results from rapid growth. 
On rough-barked trees the place for the figures should be smoothed 
off with a draw knife or a stiff wire brush. In this operation, which 
is illustrated in plate 7, A, the cambium should not be exposed and 
the bark should not be cut away at the point of diameter measure- 
ment. Just how the removal of bark affects growth is not fully 
understood. It may injure the cambium, retard growth, cause 
“ pitch-soaking ” of the wood, or lead to the development of ad- 
ventitious sprouts. The area of thinned bark may serve, also, as a 
point of entrance for insect or disease, or may attract rodents such 
as porcupines. 

It is not believed that painting has any direct effect upon the 
ecambium, although some colors absorb heat and so may tend, when 
used on thin-barked trees, to stimulate growth in the region behind 
the painted area. 

Figures may be painted freehand or by means of stencils or rubber 
stamps. Freehand numbering works better on large than on small 
trees, and stenciling is more effective on small than on large trees. 
Under present conditions, 1t appears necessary to go over stenciled 
figures with a fine brush in order to correct irregularities and to give 
the figures more body. Although this practice may seem to consume 
too much time, it is believed to reduce the time requirement for 
subsequent repainting. Painted numbers remain legible for from 
5 to 15 years, according to the quality of the paint, the climate, and 
how much the bark cracks. Under optimum conditions, painting 
may last 20 years without great need of freshening. Under the most 
severe American conditions, high-grade paints and carefully applied 
numbers may not be legible for as long as 5 years. 

Usually, the numbers can be read more readily if the digits are 
arranged vertically. 3 

For freehand painting or stenciling almost any kind of durable 
paint can be used; among paints of good quality none has thus far 
been proved to give better service than another. Addition of a small 
quantity of turpentine seems to enable most commercial paints to 
penetrate the bark more thoroughly. If the paint is worked well 


4% A rubber-stamping method is described by Berg (10). Information obtained through 
actual trials under American conditions is greatly needed, 
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into the crevices of the bark the figures remain legible for a much 
longer period. 

Rubber stamps are in much greater favor in Europe than in 
North America, owing largely to the fact that most sample-plot 
work there involves only relatively small trees. Rubber-stamped 
numbers are legible in much smaller sizes than numbers that are 
applied freehand. As American investigations turn more to im- 
mature stands it is reasonable to expect that we shall tend to sub- 
stitute rubber-stamping for tagging. The practice of tagging has 
become so well established here, however, that the substitution of 
rubber-stamping cannot be expected to take place quickly. 

No really adequate rubber stamps for use on trees have yet been 
developed in this country. The requirements for a rubber stamp 
to be used on trees are a soft spongy rubber, plain numerals, and a 
base and handle firm enough to withstand hard usage. The rubber 
base should be set into the wooden base, which at the thinnest part 
should not be less than half an inch thick. The handle and wooden 
base should preferably be in one piece, and of some hardwood such 
as maple. The numerals should be about 2 inches high, and should 
be narrow for their height. 

In this country great difficulty is experienced, also, in procuring 
paint of the right quality for rubber-stamping. The paint must be 
lasting, must be of such consistency as not to run, and must be 
obtainable in small quantities for field use. In the Northeast a high- 
gerade spar enamel has been found to possess some of the desired 
characteristics. For immediate use, the enamel should be slightly 
thickened with pure French zinc powder or by exposure to the air. 
The thickening can be hastened by spreading the enamel out in a 
shallow pan. Enamel of the proper consistency does not run when 
applied to the tree. 

Almost any intelligent common laborer can do a fair job of 
painting, stenciling, or rubber-stamping numbers on trees. In fairly 
dense stands, it should be possible to paint or stamp about 100 trees 
per hour. 

A tree-numbering method recently developed by forest entomolo- 
gists, makes use of a paint gun with a fine nozzle. Compressed air 
for this gun may be developed in back-pack pumps such as are used 
in fighting forest fires. The paint is held in a mason jar attached 
to the gun. This method has many advantages: The fine spray is 
forced into all the cracks and crevices of the bark, so that bark 
smoothing is unnecessary; the numbering can be done freehand 
and very rapidly; the size of the letters can easily be adjusted to 
the size of the tree; and the work can be done by relatively inex- 
perienced laborers. It is important that the paint be kept in a 
highly liquid state and free from any material that would clog 
the nozzle. 

PROCEDURE IN NUMBERING TREES 

The numbering of trees on any sample plot should be systematic. 
It should begin at a corner and proceed back and forth across the 
plot in rather narrow strips. A separate series of consecutive 
numbers should be used on each plot, and when any numbers drop 
out of the series that fact should be recorded. 
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If the plot has been divided (p. 16), all the trees on a given sec- 
tion should be numbered before the next section is entered. Before 
any section is left a check should be made to insure that no trees 
have been missed. The sections should be worked systematically 
back and forth across the plot. This scheme furnishes such a con- 
venient means of keeping a check on the numbering that it 1s 
justifiable to divide plots for this purpose alone. 

The danger of overlooking trees and breaking the numerical suc- 
cession is lessened if the progress of a man painting or stamping 
numbers on trees is so directed that while working on any given 
tree he can see the last preceding number. This arrangement helps 
materially, also, in remeasuring trees and in numbering new trees. 
It is particularly advantageous where the numbered trees are scat- 
tered. If the plot is divided, the numbers on each tier of sections 
may be placed to face the operator as he proceeds along the tier. 
This scheme makes numbers on adjacent tiers face in opposite 
directions. 

On a hillside, unless it is very steep, numbers can be read most 
easily if placed on the uphill side of the trees. 

Tags are less likely to be molested if placed so as not to be visible 
from a road or trail. 

NUMBERING NEW TREES 


For numbering additional trees at times of remeasurement, many 
different methods are used. In one, the new trees are given num- 
bers that will indicate the time when they were numbered; for 
instance, the number “1-15” may be given to the fifteenth tree 
numbered at the time of the first reexamination. In another, the 
number indicates the tree’s relative position in the stand; thus the 
number “68A ” is given to a tree standing near tree no. 68 of the 
original series. Difficulty 1s encountered in getting such numbers 
stamped on tags at the time when they are needed. Neither of these 
schemes can be used without modification if the individual tree data 
are to be identified when placed on punch cards. The plan giving 
the greatest satisfaction in most cases is merely to continue the 
original series of numbers and to record in the field notes that cer- 
tain trees mentioned by number were numbered at the time of the 
first remeasurement, that certain other trees also indicated by num- 
ber were numbered at the second remeasurement, etc. The field 
notes should show for each new numbered tree the numbers of the 
nearest trees. This makes it possible to locate the new trees in an 
orderly fashion and saves much searching for missing trees at times 
of remeasurement. 3 

In some instances, new trees may be so numerous as to justify 
renumbering all the trees. Im such cases great care is required to 
make sure that old and new numbers are properly referenced. 

In numbering new trees the same procedure should be followed as 
was followed in the original numbering on the same plot. This 
serves to keep the increase in the series always in the same direction 
and obviates confusion. 


BREAST-HEIGHT MARKINGS 


The point at which all diameter measurements are to be made 
should be marked on each numbered tree. It may be indicated by 
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the position of the tree number or may be separately marked. If 
painted numbers cannot be put on without smoothing the bark they 
should not be placed at the point of measurement. Ii the tree is 
tagged the nail may be driven at the diameter point, and the diameter 
tape allowed to rest on the nail while the measurement is being 
taken. If nails cannot be used without creating danger of a swell- 
ing that would distort the diameter measurement or a flow of 
pitch that would run down across the point of diameter measure- 
ment and so gum the tape, the tag may be hung so that its lower 
end just misses the point of measurement or may be placed at a 
measured distance above or below this point. In any case, the field 
notes should be specific as to the exact point at which the measure- 
ment is made. 

If the diameter-measurement point is not exactly indicated by the 
position of the tag, it should be marked with a painted spot, small 
cross, or horizontal line. Obviously, the bark at this point should 
not be disturbed. A narrow horizontal line about 6 inches long 
painted over the bark ridges and well into the crevices serves admir- 
ably. Some part of this line will survive bark sloughing and fire or 
other injury that would obliterate a mere spot of paint. In paint- 
ing such lines the paint gun described on page 26 should give excel- 
lent results. 

lf calipers are to be used for diameter measurement two readings 
will be made on each tree. at right angles to each other, and the two 
points where the caliper beam will hit the tree should be marked. 


ORIENTATION OF TREE MARKINGS 


Proper orientation of numbers and breast-height marks on trees 
may depend on several factors. Paint may fade more rapidly on the 
south side than on a more shaded side of a tree, but may be quickly 
covered with lichens on the north side. Ordinarily, the most impor- 
tant consideration in numbering trees is ease in relocating the num- 
bers consecutively, means toward which are discussed in the section 
Procedure in Numbering Trees. 


NUMBERING REPRODUCTION 


Reproduction more than 1.5 inches in breast-height diameter often 
can support individually numbered tags affixed with nails, and in 
some instances can support painted numbers. For the most part. 
however. individuals less than 3.6 inches in diameter can be identi- 
fied more easily if marked with tags attached by wire either to the 
stem or to a branch. Seedlings less than 18 inches in height should 
be marked with tags fastened in the loops of wire pins. Very small 
unnumbered seedlings ¢ can be marked by pins, without tags, or by 
plant stakes, placed in the ground close beside them. Seedlings 

marked with stakes are shown in plate 6, A. Seedlings differing m 
year of origin may be denoted by pins differing in color or shape. 

Tags on seedlings are often difficult to locate. Hence the alumi- 
num-tape tags described in the foregoing (p. 24) are preferable to 
other kinds a this use because of their brightness and their resist- 
ance to tarnish, despite the fact that when attached to seedlings they 
are sometimes so chewed by small animals that the figures are ren- 
dered illegible. These tags can be attached to the trees by means of 


Pits 
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soft pliable wire. The wire should be attached to the stem loosely. 
so as to provide for future growth. The branch or twig selected 
for tagging should be one that is not likely to die soon. 

Tags used in marking reproduction should be attached as system- 
atically as tags used on older trees. A definite height should be 
chosen within 6 inches of which the tag will be hung if possible. If 
the reproduction to be tagged is mostly less than 4.5 feet tall and has 
an average height of about 18 inches, the tags can be hung about 
10 to 12 inches from the ground. 

To facilitate quick relocation the tags should generally be hung 
on the south side, where they will catch the most light. On slopes 
they should be placed on the side most convenient for examination. 
Pins used without tags to mark very small seedlings should in each 
case be set on the same side of the seedling and at about the same 
distance from it. | 

In many cases, the necessity of tagging reproduction can be 
obviated by locating each individual on a map with reference to 
some definite point such as a quadrat corner. (This method of 
locating stems is described on page 52.) 

Pins made of 10-gage telephone wire hold paint fairly well for 
2 or 3 years. Enamel lasts longer and holds its color better. 

Field notes should in every case be specific as to the height at 
which tags are attached to reproduction, the position of pins with 
reference to the seedlings they mark, and the color of the pins used 
for a given year. 


PLOTS IN PLANTATIONS 


Studies of the development of planted stands differ in purpose 
- from studies of natural reproduction. Although like the latter they 
aim at determinations regarding survival and growth, they are 
largely concerned also with source of seed, size or age and condition 
of planting stock, method and season of planting, and suitability of 
species for given sites and localities. These latter considerations 
necessitate sample-plot methods different from those used in studies 
of growth and mortality alone. 

In planting research the investigator has far greater control over 
the factors entering into a study than he has in research on natural 
stands. Sample-plot work dealing with natural stands is subject 
to restrictions due to the fact that such stands originate and develop 
principally by chance. In a study of the effect of thinning on 
second-growth stands, for example, plot location is governed by the 
location of available second-growth stands of the required species 
and age, with little opportunity for choice among areas on the basis 
of soil conditions, site, topography, altitude, or species intermixture. 
In a planting experiment, on the other hand, the investigator can 
establish his plots under conditions of site, topography, etc., selected 
almost at will. 

Plots to be used in studying artificial regeneration must be so 
located that conditions affecting the test plantation will be closely 
comparable to those of the area or areas on which it is proposed to 
apply the results of the study. The area selected for the plots should 
be sufficiently large to permit installation of a complete series of 
tests, including replications in time. It should be readily accessible 
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not only at seasons when trees are to be planted out but at all sea- 
sons. It should be well protected from trespass of all kinds, includ- 
ing damage from various forms of wild life and livestock. 

More than ordinary care is needed to eliminate sources of error 
peculiar to this class of work. One of the greatest of these is varia- 
tion in soil as to humic content, depth, texture, and drainage. Vari- 
ation in humic content may affect moisture conditions and thus cause 
inequality in growth rate and in survival on different portions of the 
area; depth may markedly affect root development and soil tem- 
perature, and thus survival; texture may affect the ease of planting 
or the probability of frost heaving; drainage may affect root de- 
velopment, occurrence of frost, and thus survival, and may limit 
the season during which planting is possible. The topography of 
any series of reforestation plots should be substantially uniform, 
so that results will not be distorted by site variations, and should 
be such as to insure good air drainage and freedom from marked 
thermal belts, especially frost pockets. Erosion should be con- 
trolled, except in studies involving erosion effects. Steep slopes 
should be avoided, because soil or snow creep might affect survival, 
form, or growth rate. 

The shape of the plot is a major consideration. Obviously, the 
square has a smaller periphery than any other rectangular figure. 
Use of strip plots, however, undoubtedly brings about a_ better 
representation of soil and site variations. Also, strip plots in 
which successive rows of trees differ in species, in age, or otherwise 
offer the best possible opportunity for comparing results with the 
different classes of stock represented. They permit such compari- 
sons only during establishment and early life, however; as the trees 
develop, the value of the plots for such comparisons is destroyed by 
competition between adjacent rows. All things considered, probably 
the best shape of plot is a rather long narrow strip. 

In a strip plot each row should include at least 20 trees. For a 
reasonably good random sample of site conditions without too great 
a periphery, the ratio between the plot’s ends and sides should be not 
more than 1 inter-row space to each 20 trees in the row, or not 
more than 1 linear unit to 5; preferably, it should be not more than 
1 linear unit to 10. 

Optimum plot size depends largely on the purpose of the study, 
and the possible need of plots of known history for later investiga- 
tions. In a study of planting technic, for example, if the trees are 
alike in species, age, and condition the number required may be 
relatively small. In such a study, which requires from 5 to 10 
years, annual plantations of from 200 to 500 trees each will usually 
give reliable results. If a comparison is to be made not between 
planting methods but between seed sources, species, or species M1X- 
tures, it is best to establish a strip block of at least half an acre, and 
preferably much larger, within which a plot of from 200 to 500 
trees will be studied. 

Spacing has only a minor influence on the early development of 
the stand. In many planting investigations, consequently, it 1s 
permissible to set trees much more closely together than in a reforest- 
ation enterprise. For investigating only the initial establishment 
of trees it is preferable to adopt a spacing of 3 by 3 feet or 4 by 4 
feet, in which case a single test will require a relatively small area. 
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Where difference in species is a factor, the normal reforestation 
spacing of 6 by 6 feet should be used. On plots where growth 
and development of plantations are to be followed, a 6- by 6-foot 
spacing is preferable to closer or wider spacing unless variation in 
spacing is one of the factors in the experiment. 

When the initial research project is completed, adjoining plots 
can be combined into a larger block to be used in further studies, if 
the stands are similar as to species, age, etc., and if the survival in 
individual blocks is sufficient to justify it. The initial plan of plot 
distribution and establishment should, when possible, be framed 
with a view to obtaining in the future, through such combination, 
good-sized blocks of stands approximately uniform as to age, seed 
source, species composition, and spacing. 

Trees used in planting experiments should be set out in uniform 
rows regularly spaced. This will eliminate the need of marking 
each tree with a numbered pin or stake, as the individual tree can 
be identified by the number of the row and its position in the row. 
For identification in later years, however, it may be highly advan- 
tageous to number the individual plants. 

In plantation studies a splendid opportunity is afforded to reduce 
error and increase the reliability of results through replication. 
Plot replications may be established in the form of the Latin square, 
or may follow any one of many other such schemes. Most planting 
research involves replication of plots over periods varying, accord- 
ing to local conditions, from 5 to 20 years. The more variable 
the climatic conditions, especially during the most critical growth 
period, the more time the experiment requires. 

Control plots should be established to provide adequate basic 
comparison. On these plots, when species or seed-source compari- 
sons are involved, normal-sized stock representing a local strain of a 
commonly planted species should be planted by identical methods. 

In dealing with species that produce seed only intermittently, an 
effort should be made to obtain in advance sufficient seed of a single 
crop to provide for the project to its end, and to use only stock 
erown from this seed. This procedure is all the more desirable 
if selected individual trees are being used as a seed source. 


PROTECTION OF PLOTS 


Areas containing sample plots should be carefully protected from 
anything that would alter ecological conditions, such as cutting, 
grazing, fire, and camping, and from any other form of disturbance 
that conflicts with the experimental requirements. Since sample plots 
increase in value with age, even greater watchfulness is needed as 
plots become older. : 

Protection needs vary with local conditions. Experimental for- 
ests should be posted against all trespass and protected in every 
possible way against unauthorized use. Circumstances on each such 
area dictate whether there is need of firebreaks, or of a patrol dur- 
ing the fire or camping season, and whether there is need of com- 
plete fencing against livestock. 

For isolated plots, woven-wire fencing and warning signs may 
be required. It should be realized that any isolated plot is much 
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more liable to loss than a plot within an area reserved for research 
purposes. 

The question of whether plots should be protected against insects 
and diseases cannot be settled arbitrarily. If an insect or disease 


common to the region threatens plot trees, possibly the attack should — 


be considered normal and any resulting loss accepted as part of the 
history. If an insect or disease is epidemic, then efforts should un- 
doubtedly be made to control it. In the case of blister rust of white 
pine, the problem is complicated by the question whether removal 
of Ribes, as by digging up the roots, will affect the experiment. 
The investigator must decide which is the lesser of the two evils. 

Unfortunately, agencies conducting forest research often find it 
necessary to protect sample plots from other agencies, and even from 
forest administrators. All too often a busy forest administrator fails 
to recognize the value of plots, regarding them as something outside 
his range of interest or even as something that intrudes on his activi- 
ties, rather than as an opportunity to understand more fully the con- 
ditions existing on the forest under his care and the possibilities of 
its development. The investigator should recognize this situation 
and endeavor to meet it. This involves an effort to acquaint the 
administrator with the purpose of the plot, its value in management 
work, its value in time, and its cost of replacement. Having made 
this effort, the investigator should aggressively follow up any need- 
less or wanton damage so as to prevent repetition of the offense. 


PLOT TREATMENT 


Specific methods for treating sample plots will not be described in 
this publication. Some general features of treatment that are of con- 
cern in most plot work will, however, be outlined. 

Any cultural treatment accorded a plot should be completed within 
the shortest possible time, in order that the experiment may not be 
unduly complicated by variations corresponding to change of season. 
If an experimental cutting or thinning operation, for example, is 
allowed to drag out over a period of weeks or months, unseen or 
unrecorded seasonal changes in the stand during that period may 
greatly alter the dependability of the results. A considerable lapse 
of time between a cutting operation and subsequent measurements, 
although it sometimes does no harm, in most instances introduces 
errors that may cause confusion when the data are analyzed. 

So far as possible, all cultural work should be carried out during 
the season of slowest change, 1.e., during the dormant period. This 
principle calls for concentration of such work in the coldest season, 
normally from November to February, inclusive, the period being 
shorter in the South or at low elevations and longer in the North 
or at high elevations. For many of our forest tree species, data as 
to the actual time of year during which growth either in diameter or 
in height stands still or is greatly retarded are not available. 
Enough such data are available, however, to show that in mixed 
stands the growth of different species is not uniform. A season’s 
diameter growth may be practically completed by one species before 
it is begun by another species in the same stand. Such variation 
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calls for studies to determine the time of active growth as a basis for 
choosing both time of treatment and time of measurement. 

In general, treated plots should be subjected to the same treatment 
accorded the stand of which they are samples. However, while 
there is bound to be more or less accidental injury to the reserved 
stand in felling and logging, sufficient care should be taken on the 
plot not to cause damage that will vitiate the purpose of the study. 

Cultural measures should be carried out in such fashion as to do 
the least possible injury to the remaining trees or to other vegeta- 
tion on the plot. Large trees removed should be so cut as not to 
rake the boles or break the tops or branches of reserved trees. Trees 
lodged in the tops of their neighbors should be removed if at all 
possible. In machine logging or skidding, reserved trees should be 
cushioned by encasing the lower end of the bole with a stockade 
of stout poles firmly tied to the tree. 

Cutting on sample plots should be done as neatly as conditions 
permit. On larger trees the saw should be used in preference to 
the ax. In stands of very small trees cutting should be done with 
a machete or pruning shears, which make a clean, sharp cut. In 
pruning operations cuts should be made close to the stem, so that 
they will heal over promptly and without injury to the stem. Neat 
cutting calls not only for good workmanship but for sharp tools. 

Locations for skid roads and trails should, if possible, be selected 
before cutting is begun, and felling should be so conducted that skid- 
ding will cause the least possible injury to reproduction or to sub- 
ordinate vegetation. If skidding is to be done in the winter, areas 
that are to be specially protected from damage should be designated 
in advance of snowfall. If erosion is likely to develop as a result 
of skidding operations, the areas dragged bare should be covered 
with a heavy layer of litter unless the project includes study of 
conditions on areas bared by skidding. 

The trunks and heavier branches of trees cut on a plot and its 
isolation strip should, if possible, be removed from the plot area. 
If not utilized they should be burned, or so treated as not to invite 
insect attack. Such material should not be placed in piles. 

Slash resulting from any cultural work constitutes a menace to 
plot safety if left untreated. In most instances slash should be 
burned, if this can be done without damage to the reserve stand. 
If slash must be burned on the plot, the safest method is to burn 
it in a few small piles as cutting proceeds. Care should be taken 
to prevent a fire on a plot from spreading, and to avoid placing so 
much material on the fire at any one time as to cause scorching of 
crowns or heat-killing of buds or leaves. Care should be taken, 
also, not to place piles so close to reserved trees that the heat from 
their burning will kill the cambium through the bark; such injury 
causes the formation of hidden fire scars and distorts diameter 
growth. If possible, a supply of water should be kept at hand to 
prevent the spread of fire, to cool down fires that become too in- 
tense, and to control fires that escape. In regions of heavy snow- 
fall, slash can be piled and burned with minimum damage to the 
reserved stand while the ground is covered with snow. 
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COLLECTION OF PLOT DATA 
FIELD NOTES AND FORMS 


Field notes demand special care. Measurements should be re- 
corded in an orderly way, on forms devised specially for the study 
or on forms in general use for similar work. All data required by 
the project should be recorded at the time the work is done. If 
columns are used for data of a character different from that indi- 
cated by the form headings, or if data are entered in columns that 
in the printed forms were left without headings, the changes and 
insertions should be carefully made in the field. A standard set of 
abbreviations of species names should be used in every study. Tech- 
nical and common names of trees as given in the Check List (77) 
and of other plants as given in Standardized Plant Names (2) 
should invariably be followed. 

All notes should be completed in the field, and before the plot 
is left the notes should be checked for completeness. All notes, 
forms, and maps should be initialed and dated. Nothing should be 
left to memory. 

All records must be legible and permanent. Printing is usually 
more legible than script. Special care should be taken to make all 
figures so distinct that they cannot be misread. Good-quality paper 
should be used, and permanent ink or a pencil soft enough to make 
reading easy but not so soft as to smear. Carbon duplicates of field 
notes may sometimes be needed for field-station files, and serve as an 
insurance against loss of valuable data. Each sheet or form for field 
notes should bear a serial number. All forms should be made up on 
sheets of uniform sizes, i.e., single sheets should be of such size that 
they can readily be filed without folding or rolling, and can be bound 
in standard covers. Use of miscellaneous odd-sized forms or, par- 
ticularly, of small-sized forms should be discouraged.*® 

Some typical forms, used by the Forest Service, for the collection 
of data from sample plots, and abbreviations and a numerical code 
for use in recording such data, are given in the appendix (pp. 66 
and 73). 

TREE MEASUREMENTS“ 


BREAST-HEIGHT DIAMETER 38 


The standard point for measuring breast-height diameter (d.b.h.) 
is 41% feet above the average ground level. This point should be 
determined exactly for each tree with a measuring stick and should 
be permanently marked on trees that are to be measured repeatedly. 
On slopes the average ground level is a point vertically half-way be- 
tween the ground levels immediately above and below the tree. Con- 


16 Standardization of the sizes of all forms used in forest research has much to com- 
mend it. It facilitates filing and binding, makes for uniformity in the records, and tends 
to reduce the number of forms needed. The standard unit should be ordinary letter 
size (8 by 10% inches). Smaller or larger forms should be of some standard fraction 
or even multiple of this size. j ‘ 

The appendix contains a list of the instruments, tools, etc., needed in measuring trees 
(p. 72) and a discussion of methods of preparing volume and yield tables (p. 79). 

18 The basal area of forest trees is more significant than their diameter, and could 
as easily be measured directly if the proper graduations were put on tapes and ealipers. 
At present the fact that basal area is not readily measured or calculated, and that 
“square feet per acre” is an unfamiliar conception, prevents its general adoption. Its 
use should, however, be encouraged in every way, ; 
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venience often dictates, however, that the point of measurement be 
established 414 feet above the ground on the uphill side of the tree. 

In some unusual cases, e.g., a tree growing on a boulder or a log 
with its base high above the ground, the point of diameter measure- 
ment may be 414 feet above the root collar. On leaning trees the 
breast-height measurement should be taken 414 feet from the average 
ground level as measured along the bole. 

If abnormal swellings or depressions occur at breast height, the 
diameter measurement should be taken at the nearest point above or 
below it where the trunk is normal, if such a point exists between the 
heights of 214 and 6 feet above the ground. If no such point exists 
within that height range, measurement should be made at breast 
height regardless of abnormality. In such cases, if the abnormality 
has materially increased the diameter, it is desirable to estimate 
what the normal diameter would be and to use this estimated diam- 
eter in all calculations. At times of remeasurement, the periodic 
diameter growth of a tree the diameter of which has been thus 
estimated should be assumed to have matched the plot average for 
trees of its original estimated diameter and of its crown class. The 
point at which measurement is taken should always be definitely 
recorded. Usually the contents of trees measured below or above 
breast height because of abnormality can be derived from volume 
tables in the same way as if the diameters had been measured at 
breast height, without causing serious error in the plot total. A 
sounder practice for applying volume tables is to measure the diam- 
eter at two points equidistant from breast height where no abnor- 
mality is present and average them. Measurement at a single point 
is believed to be preferable in most cases, because it creates less 
confusion and less chance of error in computations. If the plot is 
small and a considerable proportion of the trees cannot be measured 
at breast height, volume determination may require a special study. 

Under some conditions it is impractical to use breast height as 
the standard for diameter measurement. Diameter is customarily 
measured 9 feet above the ground on pines that are to be worked 
for turpentine, and approximately at the high-water line on hard- 
woods or cypress subjected to frequent and long-continued inunda- 
tion. Aside from such special cases, before any departure is taken 
from the standard practice of measuring diameter at breast height 
the effect should be considered most carefully; sooner or later, such 
a departure is likely to cause confusion in comparisons of growth. 

In general, vines and moss should be removed from a tree trunk 
before the diameter is measured. Some vines, such as species of 
hus, so unite with the bark that they cannot be removed from soft- 
barked trees without considerable loss of bark or even exposure of 
the cambium. Under such conditions it is usually preferable not 
to remove firmly established vines preparatory to diameter measure- 
ment. In recording diameter measurements no allowance should 
be made for distortion due to such vines, but their presence and 
their approximate diameter should be noted. If the vines are very 
large, it is desirable to remove them, so far as is practical, at the 
point at which the tree is to be measured, by careful use of a light 
hand ax, unless the study contemplates their continuance. 
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In measuring the diameters of trees with scaly bark, such as 
shortleaf pine, great care should be taken to avoid undue removal 
of bark. Removal of very loose bark is permissible at the time of 
the first measurement, but not at times of remeasurement, as 
this would affect the records of diameter growth. An esti- 
mate as to quantity of bark removed at the time of plot establish- 
ment should be recorded for each tree so treated. In the case of 
species having bark plates that curl out and away from the tree, 
such as shagbark hickory, the portion of each plate that interferes 
with the breast- height diameter measurement may be cut or broken 
away at the time of first measurement; at subsequent measurements 
no bark should be removed, but the tape should pass under and not 
over any such protruding bark scales. 

Measurements of bark thickness near the breast-height point are 
desirable in some investigations as a means of checking up on diam- 
eter growth—especially in fire studies, in the course of which part 
of the bark may be burned away. ‘These may be made without 
injury to the tree by the use of the Swedish bark punch, shown 
in plate 3, B. How many bark measurements should be made on 
each tree depends largely upon the purpose of the study. Enough 
should be made to obtain a reliable sample. 

Unless it is necessary to maintain ecological conditions with the 
least possible disturbance, dead branches near the breast-height point 
should be removed in order to permit easier and more accurate 
diameter measurement. These branches should be cut clean, close 
to the trunk. 

If a tree forks below breast height, the diameter at breast height 
on each fork should be measured and recorded as that of an 
individual tree. 

The diameter tape *® is standard for the measurement of diameters 
of standing trees on permanent sample plots. The tape gives con- 
sistent results, and is easy to carry. It should be used in all cases 
except in remeasuring plots on which calipers were used in earlier 
measurements. If calipers are used two diameter measurements 
should be taken, at right angles to each other. Calipers have fallen 
into disfavor in American silvicultural research because they are 
hard to keep in adjustment and because they fail to give consistent 
results when used on tree boles of irregular shape. They are bulky, 
and their use, since it involves two measurements and the recording 
of two figures for each tree, consumes an undue length of time. 
The use of calipers is sometimes justified where the luxuriance of 
vines, or the presence of highly toxic vines, makes it difficult to 
obtain diameters with a tape. It is sometimes justified also on 
trees that are heavily buttressed, such as southern cypress or western 
red cedar. 

Diameter tapes and calipers are shown in plate 3, B. 

Under no circumstances should diameters on permanent sample 
plots be taken with a Biltmore stick or with any other device the 
standard error of which cannot be accurately determined. 

Diameter at breast height should ordinarily be recorded to the 
nearest one-tenth inch. 


19 Wor discussions of tape versus calipers oe taking diameter measurements, see the 
following references in Literature Cited, p. 62: 9, 42, 45, 48, 63, 67. 
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Considerable care is required to get a true measurement by the 
use of the diameter tape, especially if the diameters exceed 18 inches. 
In that case the tape should be fastened at the breast-height point 
and carried around the tree in such fashion that it remains in a 
true horizontal plane. The practice of throwing the end of the tape 
about large trees often leads to a considerable plus error because 
the tape sags or becomes hooked over an obstruction. 

On most sample plots, the man taking the diameter measurements 
should call the data to the recorder in the following order: Tree 
number, species, diameter, condition of bole as to injuries, and any 
other pertinent information that is to be noted. 

After the diameter has been measured the tag should be marked 
with a piece of crayon, or the bark scratched in a distinctive manner 
at a point where the scratch will not interfere with any later diameter 
measurement. This may save much footwork on the part of the 
man taking the measurements. 

Remeasurements should always be made at the same season of 
year as the original measurements in order not to complicate 
erowth calculations. This is much more important in regions of 
rapid growth, particularly in regions where growth is practically 
continuous during all but a very small part of the year. 

Measurements made in early spring should be timed not in ac- 
cordance with the calendar but in accordance with actual stages of 
vegetative development. It is preferable to avoid making any meas- 
urements during the period of most active growth. 

Both moisture and temperature affect tree diameters; consequently 
remeasurements should preferably be made under the same general 
weather conditions as the original measurements. The French 
forest experiment station recommends (57) that a check measure- 
ment of all diameters be made a few weeks after the original meas- 
urement. This would of course serve the purpose of detecting mis- 
takes in measurements as well as differences due to weather. 


HEIGHT 


The total height of a standing tree is usually defined as the verti- 
cal distance from a horizontal plane drawn through the average 
ground level at its base to a horizontal plane drawn through its tip. 

The relative advantages of various hypsometers for measuring 
tree heights have been studied repeatedly (15, 27, 23, 31, 40, 41, 46, 
51, 55, 58, 66). The general conclusion has been (45) that the Abney 
level and the Forest Service hypsometer give more reliable results 
that any other instruments requiring the minimum of time and care 
in manipulation. (Hypsometers and the Abney level are shown in 
plate 3, A.) The type of Abney that is used on a tripod is more 
accurate than the hand type. The Klaussner probably exceeds both 
instruments in accuracy and in freedom from mathematical errors. 
It is less rugged in construction, however. With this instrument a 
Jacob’s staff should always be used. 

Jacob’s staffs can be made on the ground, from almost any suitable 
material. A Jacob’s staff superior to any on the market can be made 
from a long-handled hoe. The blade of the hoe is removed, and 
the shank straightened and sharpened. The handle is cut to about 
514 feet including the spike. The top is fashioned to take the 
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ball-and-socket attachment of a compass. A notch is then cut around 
the top of the handle, about an inch from the socket seat, to permit 
tying the ball and socket or the hypsometer to the staff with a stout 
cord. The spike, with its thimble, should be removable. Properly 
fitting the thimble, or using a screw to hold the thimble firmly in 
place, makes it possible to remove the spike for convenience in pack- 
ing. If a step or foot-rest attachment is fixed te the handle about 
2 or 3 inches from the thimble of the spike, it is possible to force the 
staff firmly into the ground by foot-pressure. The staff then makes 
a very firm rest. 

Hypsometers should be kept clean and should be maintained in good 
working order at all times. Before being used, a hypsometer should 
always be thoroughly tested to make sure that it is in perfect adjust- 
ment. It should be tested each day it is used. 

Height measurements should be taken in the same general direc- 
tion on a plot, and the field notes should clearly indicate this direction. 
On sloping ground, measurements should consistently be taken from 
the uphill side. Under this practice some of the inaccuracies due to 
lean are eliminated, as the lean of each tree is in the same general 
direction with reference to the observer. 

The hypsometer should in general be used at a distance from the 
tree that is greater than the tree’s height; in taking heights down a 
slope, it may be used at an appreciably shorter distance. In dense 
stands of uniform height, or in any stands of hardwoods during the 
leafy season, it is often exceedingly difficult to use a hypsometer 
with any great degree of reliability. Height measurements of hard- 
woods should invariably be made when the leaves are off the trees. 

Where trees more than 125 feet tall, and only a few trees, are to 
be measured periodically, the use of the transit may be justified. In 
such cases, permanent hubs should be set up and the same trees 
should be measured from these each time. This system tends to save 
time and expense, and to eliminate errors.?? If a transit is used, 
the reading for the tip of the tree and that for its base should both 
be recorded, so that errors in calculating height may be checked. 
Care should be taken to give each reading the proper sign (plus or 
minus). As the base of the tree frequently is an indeterminate point 
or is hard to distinguish through an instrument or in brushy stands, 
the top of a measuring stick held against the tree may be used as the 
base and the length of the stick added to the calculated height of 
the tree, or the breast-height point may be used as the base. 

The distance from the point of observation to the tree may be 
measured with a tape, with a range finder, or with a telescopic alidade 
and stadia rod. The tape is the most accurate, but in some stands 
it may be impossible to make successful use of any instrument other 
than the range finder (67), On sloping ground, the use of a slope 


20The Revised Instructions for the Hstablishment of Permanent Sample Plots of the 
Canadian Forest Service (mimeographed, Ottawa, April 1929) suggest that the height 
of each tree be measured from the base of some other tree on the plot, and a note 
“from tree no. —’” recorded with each height. These instructions proceed: ‘‘ Where 
a map has been made, the distance from the instrument or base tree to the various trees 
measured may either be scaled on the map or measured by tape. As the former method 
assumes that the map is accurate, a small check should be made to determine if the 
map distances between trees coincide with the actual distances on the plot. Errors 
in this check should be less than one foot.” 
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or topographic tape with an Abney makes for rapid work. With an 
improved Abney, slope distance can be converted into horizontal 
distance with practically no effort (66). 

Distances should be measured from the rear sight of the hypsometer 
to the center of the bole at average ground level, or to the breast- 
height point. Measurements to the breast-height point tend to be 
more consistent. The man holding the tape at the tree can indicate 
the breast-height point when it is not clearly seen by the instrument 
man. In measuring leaning trees an effort should be made to deter- 
mine the exact vertical projection of the tip, and the distance from 
the hypsometer to this point should be taken as the distance to the 
tree. 

If the top of a tree is hard to see, or if the top is round and the 
tip indistinct, it may be necessary to make 2 or 3 height readings 
with the hypsometer from different directions in order to get a 
reliable figure. 

For height measurements made with the hypsometer in connec- 
tion with studies in which height growth is to be followed with 
care, the following standards of accuracy are suggested: For trees 
less than 60 feet tall, height should be determined within one-half 
foot, except in the case of trees (such as round-topped hardwoods 
or flat-topped conifers) the tips of which cannot be accurately de- 
termined; for trees between 60 and 125 feet tall, height should be 
read within the nearest foot; for trees more than 125 feet tall, 
height should usually be read within 2 feet, except in dense stands 
In the majority of stands, such accuracy may be impossible. 

For trees less than 18 or 20 feet high, a measuring rod may be 
used. This may be an extension rule designed like a leveling or stadia 
rod, such as is shown in Figure 2 (69, 80), or a rod on which colored 
bands represent different linear units. Extension rods with a pulley 
arrangement have been developed for measuring trees as tall as 35 
feet. These work less well, however, at heights of more than 30 
feet. 

In most studies, only normally shaped trees of the crown class 
concerned should be measured for height. Where it is possible to 
make a choice, leaning trees should not be measured. Occasionally 
it is necessary to measure an abnormal tree for height; when this 
is done, an accurate description of the tree should be recorded. 

For how many trees height measurements should be made on an 
even-aged plot depends on the use that is to be made of the meas- 
urements. In some cases, as in studies of height growth and 
volume production, the heights of all the trees may be needed. If 
the height data are to be used in determining plot volume alone, 
only enough measurements for a smooth diameter-height curve are 
needed; but this curve should be well substantiated by a series of 
strong points. In this latter case a summary of the diameter meas- 
urements on the plot will show what height measurements are 
needed, or heights may be plotted over diameters as they are taken 
in the field until there are enough points to give a good curve. If 
heights of individual trees are to be followed throughout the life 
of a plot, more should be taken than are needed at first, so as to 
allow for the cutting or death of some of the trees. The general 


40 CIRCULAR 333, U.S. DEPARTMENT OF AGRICULTURE 


tendency is to take too few height measurements rather than too 
many, largely because height measurement is tedious and consumes 
much time. 

In some growth investigations In young even-aged stands, as 
in yield or thinning studies, it may be appropriate to record heights 
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FIGURE 2.—A sliding scale for height measurements. 


for only a sample of the stand on each plot. Thus data on heights 
might be taken, at each measurement period, only on a sufficient 
number of individuals to give a strong diameter-height curve. In 
such cases a separate curve should be prepared for each species on 
the plot, representing all crown classes present. On plots with 
understocked or irregularly spaced stands groups of trees should 
be sampled, also, so as to obtain data on the effect of spacing. 
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In uneven-aged stands or in culled forests, height measurements 
must be made on practically every tree at each remeasurement. 

Since the limit of “merchantable height” is variable and may 
be due to either branching, defect, or excessive taper, and since 
standards of merchantability change with economic conditions and 
utilization practices, no measurement on a merchantability basis 
should be made without adequate definition. (For a discussion of 
the measurement, of upper diameters of standing trees, see the sec- 
tion on “ Taper”. 

“ Height to pase of crown’ ’ (Ht-B () may be recorded if it is 
significant and can be determined with reasonable accuracy. The 
base of the crown is usually defined as the place where the lowest 
branch leading into the crown proper emerges from the trunk. 
The definition varies among studies, depending, for instance, on 
whether the value to be determined is clear length of bole or crown 
length.2t In cases in which base of crown is a questionable point, 
definite notation should be made as to what point is considered the 
base. 

TAPER 

In studies in which current information on change in tree form is 
needed, it is necessary to measure the diameters and bark thickness 
of individual trees at various heights from the ground. This is 
done by climbing the tree or by using a dendrometer. 

The climber measures diameter with a tape, and bark thickness 
with the Swedish bark measurer. If data on age and rate of growth 
are needed, he also bores the stems at the measuring points. Usually 
he determines the distance from each measuring point to the ground 
by means of a tape attached to his belt. This operation is illus- 
trated in plate 7, B. 

The measurements may be taken at irregular height intervals, 
because of the difficulty of relocating an exact point of measure- 
ment. Usually the intervals between measurements made by a 
climber are very irregular, depending largely as they do upon the 
availability of resting places. In most studies this makes little 
difference if the data are plotted to produce a tree diagram.*? 

Since studies of form are based on averages, it is often unnecessary 
that remeasurement for changes in form be made on the same trees 
as the former measurements. Where it is desirable to record form 
changes of individual trees, remeasurements of each tree should be 
made at the same heights as the original measurements, and for this 
reason the heights should be definitely marked. Tags may be hung 
or a band may be painted at each point of height measurement. 

To climb standing trees by sheer muscular effort is often difficult, 
especially if the trees are large and tall and if they possess few 
branches or other projections on which the climber may rest. On 
sample plots it is inadvisable, however, to use climbing irons such 
as are used by telephone lnemen, because the irons wound the 
trees. Wounds thus made may attract insects or sapsuckers; admit 
disease or mistletoe infection; result in pitch flow, pitch soaking of 


21Tn some foreign studies (64), one-half the distance between the lowest branch and 
the first definite whorl of branches has been taken as the base of the crown. 

2For the purpose of drawing a form curve, all the data for each individual tree 
ean be entered on a graph form, such as Forest Service form 558a, on which the 
ordinates represent area in square feet and the abscissas represent height in feet (60). 
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the wood, or callousing that distorts diameter growth; or in other 
ways affect tree development adversely. The use of climbing irons 
is dangerous for the climber, also, because bark does not always 
hold and because occasionally something goes wrong with the sup- 
porting apparatus. If climbing irons are used they should have 
spurs sufficiently long and stout to give a good purchase and should 
be adapted to use on the tree species involved. 

In dense stands of pole-wood size it is sometimes possible for a 
climber to go up one tree and, by crossing over in the branches, 
come down another, making measurements of both. 

Where many trees are to be measured and the lower branches of 
the trees are within easy reach, a ladder may be used. The use of a 
heht ladder. with or without an extension device, saves much time. 
Even for fairly tall trees, a 10- or 12-foot sectional ladder such as 
is often used by painters in scaffolding work is a means of obtain- 
ing measurements quickly and safely. When a ladder of the latter 
type is used, each separate section should in turn be lashed to the 
bole. More than two sections of this ladder cannot be used safely 
unless the ladder is in an almost vertical position. 7 

Standing trees up to 22 inches in diameter and 85 feet in height 
are measured by the Central States Forest Experiment Station by 
the use of special equipment, consisting of a 14-foot extension lad- 
der, 150 feet of 14-inch hemp rope, a swing board, shown in figure 3, 
an 8-foot bamboo pole marked in 1-foot lengths, and a telephone 
climber’s safety belt and strap. The climber uses the ladder to 
a height of 24 feet and then climbs to the highest dependable crotch, 
carrying with him one end of the rope and one end of a 100-foot 
steel tape. The rope is fed through the crotch, hand over hand, until 
it comes within reach of men on the ground, who then draw the 
swing board up to the clhmber. The height of the tree above the 
highest crotch reached by the climber is determined with the pole, 
and that below with the tape. After taking all needed measure- 
ments above the crotch the climber lowers himself, by means of a 
special slipknot, to definite points at which he measures diameters 
and bark thicknesses. Distances are measured directly along the 
stem of the tree. This scheme is feasible only with trees that have 
sturdy forks near the tops, and so cannot be used with some conifers. 

Various dendrometers have been developed by means of which 
upper diameters of a tree can be measured from the ground. Of 
those used in this country the Liljenstrém *° has so far been judged to 
be the most accurate. The Liljenstré6m dendrometer is best suited for 
measuring straight-boled trees, and is better adapted to conifers 
than to hardwoods (79). 

In using any dendrometer, however satisfactory and reliable it 
may be, the limitations of its accuracy for the work at hand must 
be carefully observed. It should be remembered, also, that a special 
study of bark thickness at various heights is necessary before the 
data obtained with a dendrometer can be used in volume-table 
construction. 


23J. A. Amiln (3) describes this instrument in detail and gives the results of a 
study of its accuracy. See also (35). 
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AGE 


Tree ages are determined by counting annual rings on increment- 
borer cores or on stumps. Borings for the purpose of determining 
age and diameter growth are usually made at breast height (3). 

The increment borer, with extractor, and a device for measuring 
increment cores are shown in plate 3, B. 

If the total age of a tree is sought, account must be taken of the 
time required by the tree to reach the height at which the rings are 
counted. The length of this period may be determined from stem 
analyses of reproduction of the same species growing under the same 
conditions. In order to hold this correction to the minimum, incre- 
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Figure 3.—Swing for taking measurements on standing trees. 


ment borings for the determination of total age should be made as 
near the ground line as possible. On hillsides borings may some- 
times be made on the downhill side of the tree at the root collar, and 
total age thus determined directly. For some species, true age can- 
not be ascertained dependably even by this method; e.g., seedlings of 
longleaf pine (P. palustris) remain in the “grass stage” for a 
period that may exceed 20 years, and that cannot be exactly ascer- 
tained in a given case by any method now known. Badly suppressed 
small seedlings of tolerant species, also, may make so little diameter 
growth over a period of many years that their growth rings cannot 
be counted except with the use of a low-power microscope. 

Tt should be borne in mind that eccentricities of growth may make 
a single boring in a tree unreliable as an indicator of the diameter 
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growth of that tree, but that when one boring per tree is obtained 
from a large number of trees eccentricities of diameter growth are 
usually ironed out. In collecting growth data by one boring per 
tree, special care should be taken to avoid bias. 

Considerable difficulty is sometimes encountered in measuring pre- 
cisely the growth made during individual years or during groups of 
years. Various devices have been developed to aid in making such 
measurements (19, 24, 59). 

Occasionally data are needed on growth during the last few 
years. Increment borers are seldom sharp enough, and the hand 
holding them is seldom steady enough, to make a clean cut without 
crushing or distorting the outer 2 or 3 annual growth rings, except 
in a relatively small number of species. To obtain such data, a chip 
about three-fourths of an inch square should be cut from the tree 
with a sharp wood-chisel. The cut should be sufficiently deep not 
to cause cleavage between annual rings. 

In the case of plantations the period since planting should be 
recorded as the age of the stand, no matter how old the trees were 
when planted. Records should be kept, however, of the age of the 
stock used. 

In even-aged stands, age is considered by 10-year periods the first 
of which dates from the time of the stand’s origin. Thus the 20- 
year age class is composed of trees aged from 20 to 29 years, in- 
clusive, and the 30-year age class of trees aged from 30 to 39 years, 
inclusive. In studies of wneven-aged stands, especially those in- 
volving old-growth timber, trees beyond the sapling stage may be 
considered in four major groupings—young, thrifty mature, mature, 
and overmature. The spread of ages included in any one group is 
not fixed, but varies with species and site. In long-lived species such 
as ponderosa pine (Pinus ponderosa), maturity may be taken as 
between 150 and 250 years. In shorter-lived species such as short- 
leaf pine (P. echinata), maturity may be taken as between 75 and 
100 years. 

Taking borings at an angle often has the result that small bits of 
wood break off in the borer and clog it, particularly in pitch-soaked 
or punky heartwood. Clogging is less likely to occur if the barrel 
is frequently swabbed with kerosene or, preferably, with high-grade 
machine oil; this, however, does not entirely prevent clogging or aid 
greatly in removing the compacted material. Material that cannot 
be removed with the extractor sometimes can be removed with the 
ald of a stiff wire. It can be removed quickly with a 35-inch wood 
and steel drill welded on a #;-inch steel rod the top of which is bent 
so as to form a handle (46). 

Growth by 5-year intervals should be measured on the freshly 
extracted core, before any distortion can have been caused by shrink- 
age. A growth record of this kind made in the field is particularly 
valuable, because of the fragility of cores and the unevenness with 
which they shrink. If lengths representing 5 years’ growth each 
are marked off on the core they can readily be marked off also on a 
field form that will become a part of the permanent record. It the 
boring misses the center of the tree, a diagram of the first few years’ 
growth as inferred from the core should be drawn on the form so 
that future workers will have information as to the interpretation 
made. 
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An indelible pencil is most convenient for marking cores, as it 
makes a permanent mark on moist wood. 

Recently, the use of phloroglucin has been advocated as an aid in 
counting annual rings on increment cores (70). Phloroglucin stains 
the lignin. As the lignin is more dense in the late summer wood, 
the stain causes the annual rings to stand out. Phloroglucin is 
used in an approximately 5-percent aqueous solution. ‘The stain 
is intensified if hydrochloric acid also is used, in a solution contain- 
ing 2 parts of water to 1 part of concentrated acid. The two fluids 
may be mixed and used together; better results are obtained, how- 
ever, by immersing the cores for a short time in a test tube of phloro- 
glucin and then placing them in a tube of acid. Drying the cores 
in advance does not interfere with this practice. Cores that have 
been dried do absorb more of the stain, unless they are slightly 
moistened with water before being stained. Phloroglucin is equally 
efficacious on stumps, if poured or hghtly brushed into a groove 
cut along the radius on which it 1s proposed to count the rings. 

So far as is possible, increment cores should be preserved. An 
excellent means of carrying cores in the field and of filing them is 
to place them lengthwise in the folds of corrugated paper. Increment 
cores taken in the general forest survey in Sweden were preserved by 
inserting each core in a paper tube, one end of which was closed by 
flattening and stapling. The tubes were made of several turns, or 
layers, of paper and so were stiff enough to endure ordinary han- 
dling without becoming bent. A printed form on each tube permitted 
the entry of a record identifying the core. Pencil boxes are satis- 
factory for small cores that are not subject to warping. Test tubes 
that can be corked are sometimes used. 7 

The use of the increment borer, like the use of nails and the 
scraping of bark, on some species of pine may cause pitch soaking of 
the wood or start a flow of resin that will attract insects. Full 
information as to how increment borings ultimately affect trees, 
although badly needed, is not yet available. On a permanent plot 
the fewest possible borings should be made. If there appears to be 
danger of damage to the tree, the hole may be filled with a 14-inch 
wooden dowel that fits it exactly. The dowel should be driven into 
the hole until the outer end is flush with the cambium. It is believed 
that within a short time after this treatment the opening will be 
closed by a callus. A record should be kept of the trees that are 
bored for any purpose. 

The increment borer should be kept sharp at all times. In the 
field, minor nicks and shght dullness can be corrected by careful 
use of a small rat-tail file. Such sharpening should not, however, 
be depended upon entirely. After about 100 or 200 borings, accord- 
ing to the character of the wood on which it is used, the borer should 
be sent to a competent machinist for sharpening (62). 


STUMP DIAMETER 


It is sometimes necessary to estimate the diameters of felled trees 
from stump measurements. A study of butt taper of similar trees 
in a similar situation will show the relationship between the diam- 
eter at breast height and the diameter at any stump height. Such 
a study should be made in all cases in which ordinary accuracy is 
required. It should be remembered, however, that stump measure- 


A6 CIRCULAR 333, U.S. DEPARTMENT OF AGRICULTURE 


ments are not very reliable, because of weathering of the bark, 
insect action, fire damage, checking, etc. Unless the cutting was 
comparatively recent, allowance should be made for errors approx- 
imately as follows: Stumps less than 6 inches in diameter, one-half 
inch; stumps from 6 to 18 inches in diameter, about an inch; and 
stumps more than 18 inches in diameter, about 2 inches. Because of 
variation among species, systematic and reliable observations on this 
subject are needed. 


TREE DESCRIPTION AND CLASSIFICATION 


Sometimes need arises for sample-plot data of other kinds than 
those ordinarily collected. Consideration should aways be given 
to the desirability of collecting from plots not only data that are 
useful from the standpoint of the current study but other data 
that may amplify our knowledge of the growth characteristics of 
trees and the reactions of trees to site factors. 

Such supplemental data include those classifying trees according 
to width, length, fullness, density, and shape of crown; color of 
foliage; type and degree of injury; abnormalities of form; seed 
production; and sprouting capacity. The width, length, and density 
of a tree’s crown, and the color of its foliage, may indicate its vigor 
and rate of growth. Records on such characteristics may be valuable 
as a means of relating appearance of crown to growth characteris- 
tics and behavior of the individual tree. Since stem diameter is 
closely correlated with crown width, data on crown width may con- 
tribute toward development of a method of estimating timber on 
the basis of aerial photographs. 

In many cases it is desirable to develop a herbarium for a plot 
or plot series, particularly if cover conditions are to be changed in 
the course of the experiment. (A herbarium is of course an essen- 
tial part of the record of each experimental forest.) Phenological 
observations, particularly on flowering and fruiting, are an im- 
portant feature of many plot records. At research centers, such as 
experimental forests, phenological observations should be considered 
an important and necessary activity. 

General terms should be avoided, and for each study complete 
definitions of the various terms needed should be adopted at the 
time of plot establishment. This is especially important in connec- 
tion with describing the condition and appearance of individual 
trees, for the reason that in later years other workers may remeas- 
ure the plot and without adequate definitions may not be able to 
record data in a comparable manner, to reconstruct the stand, or 
to interpret the recorded data properly. 

Many of the descriptive data can be recorded in the field by 
appropriate symbols or abbreviations. In many cases, especially 
when it is possible that data will be put on punch cards for ma- 
chine tabulation and analysis, there is much to recommend the use 
of a numerical code, such as that given in the appendix (p. 73), 
instead of symbols or abbreviations. 


TREE CLASSIFICATION 


The position that the crown of a tree occupies in the forest canopy 
has an important bearing on the tree’s growth and development and 
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its future value in the stand. This position may be classified accord- 
ing to the following definitions (25, p. 74) adopted by the Society 
of American Foresters: 

Dominant. Trees with crowns extending above the general level of the 
forest canopy and receiving full light from above and partly from the side; 
larger than the average trees in the stand, and with crowns well-developed 
but possibly somewhat crowded on the sides. 

Co-dominant. Trees with crowns forming the general level of the forest 
canopy and receiving full light from above but comparatively little from the 
sides; usually with medium-sized crowns more or less crowded on the sides. 

Intermediate. Trees with crowns below, but still extending into, the general 
level of the forest canopy, receiving a little direct light from above but 
none from the sides; usually with small crowns considerably crowded on the 
sides. 

Overtopped. Trees with crowns entirely below the general forest canopy and 
receiving no direct light either from above or from the sides. These may be 
further divided into oppressed usually with small, poorly developed crowns, 
still alive, and possibly able to recover; and suppressed or dying and dead. 

In practice almost no attempt is made to distinguish between the 
oppressed and the suppressed class, the term “suppressed” being 
used to cover both classes. As both of these terms have a physio- 
logical significance, their general use to denote crown position is 
erroneous. The term “suppressed” is in much more general use 
than “ oppressed.” 

This standard classification, widely used in North America, can 
be applied without modification only to pure and fairly well stocked 
even-aged stands. Several other tree classifications have been pro- 
posed, one of the best of which is that used for conifers by the 
Swedish Forest Experiment Station, given in the appendix (p. 78); 
but all these apply (with more or less success) only to even-aged 
stands. Many of the stands, particularly of the coniferous stands, 
that have developed under conditions typical of the United States are 
uneven aged, understocked, and ragged. In many cases raggedness 
has been complicated by mixture of species varying in tolerance. A 
system is needed for classifying trees in uneven-aged stands accord- 
ing to growth capacity or thrift, as the standard classification 
indirectly describes trees in the even-aged stand. 

The one such tree classification thus far proposed in North America 
is that developed by Dunning (20) for the ponderosa pine forests 
of California. This classification, which is given in the appendix 
(p. 76), has been applied successfully to similar ponderosa pine 
forests in other regions, and recent indications are that with modifi- 
cations it can be applied also to stands of other species. 


INJURIES AND ABNORMALITIES 


All perceptible injury, either past or present, suffered by a tagged 
or numbered tree should be recorded. The record should show ex- 
plicitly the location and extent of the injury and its apparent cause. 

Abnormalities of form usually should be recorded as carefully as 
injury. Abnormalities include burl, crook, heavy fork or unusual 
branching, misshapen top, heavy butt or root swell, elliptical or 
irregular cross section of bole, etc. In some studies these have little 
bearing on the result sought; but since the sample plot is rightly 
considered a source of data on all growth characteristics of both 
species and individuals, on reaction to all the factors of site, and on 
form, such information is logically a part of the record. 
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Record should be made of any injurious insects or diseases present, 
and they should be identified if possible. The recording of second- 
ary pests is optional; but since they are sometimes destructive or 
lead to further stand losses in later years, good practice dictates 
that the presence of all such pests be made a matter of record. 
Nectria, the locust borer, or Buprestids may be a primary cause of 
windbreak, mistletoe of stem swellings, etc. 


REPRODUCTION MEASUREMENTS 


Reproduction as considered here includes (1) young trees below the 
minimum size given an individual number on the plot, or, in a stand 
consisting entirely of young trees, and (2) individuals less than 3.6 
inches in breast-height diameter. The second classification includes 
all the tree classes below the pole-wood stage as defined by Leffelman 
and Hawley (43, pp. 10-11) in the following: 


1. A sprout is a tree which has grown from a stump over two inches in 
diameter at the ground line. * * * 

2. A seedling is a tree grown from a seed. * * #* 

3. A single seedling sprout is a tree with a single stem which has grown 
from a stump two inches or less than two inches in diameter at the ground 
Lines eo Ste 

4. A multiple seedling sprout is a tree with more than one stem, which has 
grown from a stump two inches or less than two inches in diameter at the 
Sroungd. lime 2) 2 = 

5. A root sucker is a sprout from a root. * * #* 

Decision as to which of the small trees on a plot are to be measured 
depends very largely upon the purpose of the study. When trees of 
appreciable volume are to be dealt with, trees below sapling size often 
are disregarded unless they occur on subplots. Sometimes, however, 
study is concentrated on the growth and development of the juvenile 
stand itself, and sometimes it is desirable to establish in stands of 
young growth fairly large plots that will be used in later studies. 
In such cases, particularly if the stands of young growth are dense 
and are subject to heavy mortality because of suppression, it is often 
unnecessary to measure each tree, sprout, or sprout clump. Instead 
it may be desirable merely to run a narrow strip through the plot, 
mark each tree on this strip with a dab of paint, and record the num- 
ber of such trees. If the stand is not too dense, a wider strip may be 
run or trees may be recorded on small subplots. The trees may be 
recorded by height class alone until the stand has changed sufficiently 
to warrant more detailed measurements, sufficient data being taken 
to define clearly the height-age curve. Such a method should be used 
only with full realization of how the data will be analyzed later. 

For reproduction stands averaging more than 3 feet in height, if 
growth and development of the stand is the major subject of investi- 
gation a simple record of the total number of stems, by height classes, 
per unit of area is usually adequate. In such cases it is sufficient to 
record this information for a random strip that samples the stand, 
without establishing a plot for remeasurement. If a plot is needed 
the boundary should be liberally marked by painting trees inside the 
plot only. The boundary of the plot and of its divisions can be 
marked temporarily with string. 

Studies in which young stands are treated require plots and a 
record of development. The data recorded for some plots may cover 
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merely the aggregate number of trees in height classes, such as the 
6-inch, 12-inch, or 24-inch height groups. Height may be determined 
within 6 inches by placing a graduated stick against the tree. Data 
based on exact measurement of individual trees are much more 
valuable, however. 

When individual stems are tagged, actual heights are recorded. 
Measurements should be taken from the ground line, with the excep- 
tion that the heights of stump sprouts should usually be taken from 
the point of sprouting. Each sprout should be considered as an indi- 
vidual, unless the sprout clump is considered as a unit. Even then 
it is often desirable to record the number and development of 
individual sprouts, by clumps. 

In very small growth, when the effects of individual growth 
factors are under observation actual height measurement ‘should 
be taken along the stem. Obviously, very careful measurements are 
not necessary in the case of rapidly growing species or sprouts, and 
in many cases will not be required after the tree has reached small- 
sapling size. Where confusion is likely to occur otherwise, field data 
should show how the measurements were taken. 

If the smaller trees on a treated plot are individually tagged, 
measured, and recorded, this does not make it necessary that the 
trees on the control plot be treated in the same manner. For the 
control plot, data need be taken only on a certain number of trees 
representative of the various height classes present. The purpose 
of the study, the species, and the method of treatment will usually 
determine which trees and how many shall be taken. 

Diameter measurements on very young stands are usually value- 
less; until the tree has reached at least the 2-inch class an expression 
of volume growth has little meaning. In some instances, however, 
it may be desirable to take these measurements in order to extend the 
diameter-height curves to their origin. When a diameter record for 
very small trees is necessary the measurement should be made at a 
point about 6 to 8 inches from the base to avoid root swell, which is 
sometimes pronounced, particularly in coppice growth. Calipers 
can be used. It is rarely necessary to mark the point at which the 
measurements are taken. 

To determine the age of a young stand, some of the stems should 
be cross-sectioned at the ground line. This method will probably be 
adequate for every species except longleaf pine. The age recorded 
for planted stands is the number of years (growing seasons) since 
planting. (Records for such stands should show, however, how old 
the trees were when planted.) 

A crown classification is usually meaningless as applied to repro- 
duction. In describing reproduction it may be highly important, 
however, to indicate the relative thriftiness or vigor “of the seedling, 
sprout, or sprout clump. No valid classification of thrift or vigor 
has yet been advanced. Among those suggested are relative vigor 
in the stand, as indicated by quantity of foliage (as related to age 
or size of plant) and freedom from suppressive shade or other com- 
petition (as indicated by fullness of crown) ; character of foliage, in- 
cluding density, general appearance, and color, and perhaps dry 
weight of representative leaves; comparative height growth: and 
thrift as judged on the standard of the average thrift of a plant of 
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the same age and species grown under favorable conditions. Since a 
definite standard is lacking, classification as to thrift or vigor is 
often open to question, particularly if made by different workers at 
different reexaminations. 


STEM AND CROWN MAPS 


A map locating all trees on a sample plot is called a stem map. 
Such a map may “make it unnecessary that all trees be individually 
tagged or numbered in the field. In addition to presenting a pic- 
ture of tree distribution and providing an index to the tree numbers 
on the plot, it facilitates analytical study; division, for statistical 
study, of a plot on which all tree data were originally lumped; and 
elimination of any parts of the plot that develop abnormalities. One 
or another of these uses will in a great many instances justify mak- 
ing a stem map. As an index to tree numbers, alone, the stem map 
may save many hours of work, which in its absence would be con- 
sumed in relocating irregularly placed numbers and identifying 
trees that have lost their numbers. It should be remembered, how- 
ever, that the preparation of a stem map is itself a time-consuming 
task. The decision to prepare one in connection with a given study 
should be based on a careful consideration of use and need. 

The field work involved in mapping tree locations is simplified 
by dividing the plot into squares with string (p. 16). The coordi- 
nates of each tree in each square can quickly be read with a measur- 
ing stick** and plotted on cross-section paper. If a chain is 
stretched through the middle of each square the distance along it 
may be read directly, and the distance to the right or left of it 
measured with the stick. It is essential in such work that the chain 
be kept taut, that allowance be made for slope, and that the measur- 
ing stick be held at right angles to the chain. In open stands, dis- 
tances within a given strip may readily be determined by the use 
of a range finder. Tree locations may be mapped with a traverse 
board or with a plane table and an alidade. Under some circum- 
stances, when the plot is carefully sectionized, plane table and ali- 
dade may be dispensed with and a piece of cross-section paper 
mounted on any fairly smooth, hard surface can be used with a high 
degree of accuracy. The distances may be measured with a chain, 
with a range finder, or with a telescopic alidade and stadia rod. 
If much brush or undergrowth i is present, it is impracticable to use 
the range finder or stadia rod. 

‘Tree ‘locations can be determined also by the use of the angle 
mirror (65). Tapes are stretched along the plot subdivisions (right 
angles are necessary). One man plots the trees while each of two 
other men walks along a tape holding an angle mirror from which 
is suspended a plumb bob. As soon as the proper tree is located the 
coordinates are called to the mapper, who plots the tree’s position. 
Where there is much undergrowth such use of the angle mirror is 
impracticable, as the plumb-bob lines are frequently caught. Else- 


24 A measuring stick used in dense brush by the Forest Service is a rod marked 
off in feet and painted in bright colors like a surveyor’s sight rod but with the difference 
that 5 instead of only 2 colors are used, each 5 feet of rod displaying the same sequence 
of white, orange, blue, yellow, and red. When this measuring stick is used, instead of 
having to look for numbers or letters to identify the foot distance the cartographer has 
only to distinguish the identifying color of the foot in question, and this he can do 
if only an inch of the color shows through the tangle of vegetation. 
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where, the angle mirror is perhaps as rapid and efficient an instru- 
ment as can be obtained. 

The scale of the map should be chosen with regard to the quantity 
of detail required and the density of the stand. A scale of 2 to 4 
inches to the chain is usually sufficiently large for plots of one-fourth 
acre or more. A convenient scale that is readily divisible expedites 
the work and lessens the danger of mistakes. Measurements can 
be plotted easily and accurately when an engineer’s scale rule is used. 

Trees may be shown on the map by dots or by special symbols that 
distinguish trees to be cut and trees to be left, crown classes, species, 
sprouts, and seedlings, etc. Or abbreviations placed near the tree 
position may be used to indicate any one of these. 

When the trees bear numbers, the numbers should always be shown 
on the map, preferably just below the tree positions. These num- 
bers on the map should be checked against those on the tree-record 
sheets to make sure that none has been omitted. Diameters may be 
written in or may be shown by the relative sizes of the symbols used. 
To enter much detail on the map may cause confusion and lessen the 
map’s usefulness. The map legend should fully explain each symbol 
used. 

A crown map, in addition to showing the positions of the boles, 
shows the vertical projection of the tree crowns, thus presenting 
graphically the shade conditions on the plot. Crown maps are of 
more value for several-storied than for single-storied stands. Com- 
parison of crown maps made before and immediately after treat- 
ment shows the effect of treatment on crown density, and comparison 
of the latter with subsequent maps shows the development of the 
crowns of the trees left. Because of the length of time required to 
prepare a crown map, such a map should be prepared only if its 
value is clearly demonstrable. 

Tree crowns may be mapped by plotting 3 or 4 points at the edge 
of each crown and then sketching in its shape. These points are 
located most easily if an assistant to the mapper stands directly 
under the edge of the crown and the mapper determines the distance 
and direction from the assistant’s position to the tree bole. In 
stands with irregular crowns, 1 or 2 assistants can locate points and 
measure distances while the mapper is sketching. 

The crown map should represent the stand as seen from above. 
The highest crowns should be outlined with solid lines; the crowns 
of the second level may be outlined with broken lines, those of the 
third level with lines of crosses, etc. An arrow should be drawn 
from the position of the bole to the position of the crown edge 
wherever the relationship is not clearly evident on the map. 

Since the crowns of trees on the isolation strip surrounding the 
plot affect those of trees on the plot, a fringe of the former should 
be included in every crown map. 5 

In many studies it may be desirable to indicate on a plot map the 
locations of bare areas, piles of slash, logs, skid trails, etc. The 
purpose of the study will largely govern the extent to which these 
details should be shown. 

As the value of the map depends upon its accuracy, care in plotting 
is essential. 

Reproduction quadrats may be mapped by essentially the same 
method that has been outlined for plots. The quadrat may be 
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sectioned off with string or, preferably, with a standard wooden 
frame. 

Reproduction on quadrats can often be mapped by coordinates 
(4, 36, 49, 50, 73, 78)° This eliminates tagging and sometimes 
makes field mapping unnecessary. A number of research agencies 
have found the coordinate system so satisfactory that they have dis- 
carded the tagging method entirely. They report that seedlings can 
be located by this method within half an inch on milacre quadrats. 
If reproduction is mapped by coordinates, great care is necessary to 
avoid erroneous location of stems. Where a standard wooden frame 
is used, mapping by coordinates requires about the same time as 
tagging. It saves a great deal of time in reexaminations, however, 
by obviating the necessity of hunting for tags, some of which may 
have been damaged by animals or covered with debris 

When detailed mapping of quadrats is necessary, slope areas 
rather than horizontal areas should be used and the results should 
be converted to a horizontal-area basis. 

If plant succession is to be studied by repeated mapping of re- 
production quadrats it is well to make the second and subsequent 
maps on transparent overlays, so that changes can be brought out 
without the confusion resulting from marking changes on the orig- 
inal maps.*® Except in instances in which the ‘composition or density 
of the vegetation changes rapidly from one season to the next, many 
quadrats ‘heed not be recharted more often than every 2 or 3 years. 
Colors may be used to indicate year of origin of the reproduction or 
area occupied by various plants. Symbols or abbreviations may be 
used for species, and heights may be written in. 

Maps of surface conditions, such as the depth, character, and 
density of litter, the exposure of mineral soil or rock, or the color 
of the soil after fire, are often of sufficient value to justify preparing 
them. 

Symbols used in sample-plot mapping are shown in the appen- 
dix (p. 76). 

Every map should be initialed and dated in the field. 


PLOT DESCRIPTION 


When the trees and reproduction on a sample plot have been 
measured the plot itself remains to be described. The plot descrip- 
tion should be carefully written in the field and not left to be pre- 
pared weeks or months later from hurriedly written field notes. 
Many facts easily obtained but often overlooked in the field are of 
inestimable value in working with the data away from the plot, 
especially to those not familiar with the plot itself. The success 
of the whole experiment may depend on the completeness of this 
description. 

The quantity and kind of detail needed and methods to be used 
vary according to the permanence of the plot and the duration of the 
study (7, 15, 16, 54, 72). A long-time study should have a more 
complete record than a short one. But since short-time studies often 
merge into long-time ones, in initiating a short-time study it is desir- 


>= TouMEY, J. W. See footnote 7. , 
28 A: phytograph for recording abundance, frequency, size classes, and basal area per 
acre by species is described by Lutz (44). 
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able to take more data than are actually called for by existing plans. 
Quantitative data derived from field measurement, whenever they 
can be had, are preferable to qualitative descriptions. Items that 
should in all cases be covered are the following: 


. Designation and location. 

. Date of establishment. 

. Dimensions and area. 

. Name of person making the description, and date of description. 
. Description. 

(a) Forest type: Name, composition, ete. (Standard classifications 
of the Forest Service or the Society of American Foresters should 
be used if applicable. ) 

(6) Density of stand and distribution of stems. Density of canopy, 
both principal and subordinate. Method of determination. 

(c) Age of stand. Method of determination. 

(d) Site quality or site index. Method and basis of determination. (If 
more than one species are found in the stand, site should be given 
for each of the important spécies. ) 

(e) Climatic conditions. 

(f) Altitude, absolute and relative. 

(7g) Slope and aspect... Drainage. Other topographie features. 

(h) Soil: Type, origin, drainage, depth, mechanical analysis, pH, ete. 

(i) Rock: Underlying, outcropping, kind, quantity, distribution, ete. 

(7) Litter and humus: Kind, depth, condition, distribution, ete. 

(k) Ground cover: Species,” density, height, distribution, location of 
significant, ete. 

(1) Underbrush: Species,” density, height, distribution, location of sig- 
nificant, ete. 

(m) Reproduction: Origin, species, density, distribution, etc. 

6. History of stand. 
(a) Origin and development. 
(6b) Fire. Nature of evidence. 
(c) Cutting and other disturbances caused by man. 
(d) Disturbances caused by other agencies such as livestock, game, 
insects, fungi, wind. 
7. General summary of silvicultural conditions and growth. 


OR Ne 


Descriptions of individual divisions of a large plot in an irregu- 
larly distributed stand may be very useful in explaining differences 
in results on different parts of the plot. Brief descriptions of sub- 
plots are needed in the case of subplots that are laid out for the pur- 
pose of studying special conditions on the plot, and may be useful 


in other cases. 
PHOTOGRAPHS 


Good photographs are an almost indispensable part of a plot 
record. They illustrate conditions on the plot better than word de- 
scription, and when repeated after a lapse of time show clearly the 
changes in these conditions. (A series of repeat photographs is 
shown in pl. 8.) In later years, the early photographic record 
may be even more important than the early written record. Be- 
eause they are so valuable a part of the plot record, photographs 
should be taken as carefully and with as much attention to details 
as plot measurements. 

The choice of views is important. The photographs for any one 
plot should together give as accurate an impression of plot condi- 
tions as possible. To make them do this may necessitate including a 
few unusual features, in addition to typical features. The possi- 


27 Here again, a herbarium for the plot may be very useful. 
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bility of a repeat picture should be borne in mind in photographing 
every scene; features that are likely to change in a significant 
way should be sought, and views that are likely to be hidden later 
by brush or reproduction should be avoided. 

In photographing seedling stands, the usual tendency is to set up 
the camera so that the picture is longer horizontally than vertically. 
In later years this set-up becomes undesirable, because the narrow 
vertical section is inadequate to register height growth. If a seed- 
ling stand has features that can be made to stand out only by hori- 
zontal photographs, then two photographs are necessary, the hori- 
zontal to show the stand as it appears at the moment and the verti- 
cal one to be used in connection with later repeat work. 

Individual seedlings should be photographed against a contrast- 
ing background, as in plate 2, B. 

In the early history of a plot many more photographs should be 
taken than are needed immediately. As time passes the value of 
photographs will change, and some of them may retain no signifi- 
cance except as records of original conditions. lor example, some 
repeat photographs may not show clearly the changes that have 
taken place on the plot, and in others the view of significant features 
may be completely obstructed by brush. An especially generous num- 
ber of pictures should be taken on a plot that is to be treated, so 
that those having little record value after the treatment may be 
discarded. 

In order that repeat pictures may be made from the identical 
points from which the original ones were made, the “ camera points ” 
for all pictures to be repeated should be permanently marked 
(p. 17), given distinctive numbers, and referenced to permanent 
plot-boundary stations or numbered trees. It is recommended that 
at least 4 such camera points be established on each plot up to 
three-fourths of an acre in size, 6 on each plot of from three- 
fourths to 1 acre, 8 or more on each plot larger than an, acre, and 
at least 1 for each 3 chains of line transect. Plot and subplot corners 
often make excellent camera points. 


When possible, photographs should be developed while the party 


>) 


is still in the field. This practice permits “ retakes ” of any photo- 
graphs that are not clear or sharp. When such prompt developing 
is impossible, it is often advantageous to take more than one photo- 
eraph from a given camera point to allow for possible failures. 
The duplicate photographs should be made with different timing 
or different aperture from the first exposure, as a check on the 
first effort. They can be distinguished from it and from each other 
by changing the position of some identifying object in the view 
between exposures and making a note of the change. 

A camera to be used for sample-plot work should preferably take 
pictures at least 5 by 7 inches in size and have a ground glass on 
which the view can be focused.?® Only in rare instances should a 


23 Many arguments have been advanced in favor of small cameras, but these break 
down when the photographs are examined. Almost invariably repeat photographs fail 
to coincide and the number of successful, worth-while prints is low. The use of 
small cameras leads to hasty and ill-considered work and to the making of numerous 
snap-shots rather than careful photographs. Although low expense is an argument often 
advanced, the average cost of a successful photograph is often as great for a small 
camera as for a larger one. Small cameras are decidedly easier to carry; but in relation 
to permanent plots, which usually are readily accessible, the difference in ease of 
transportation is not important. 
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research agency support cameras that do not take photographs 
larger than 19 square inches. A tripod should always be used. To 
get an identical view in a repeat picture, it is necessary to use a 
camera of the same size and with the same focal length as the one 
previously used and to orient the photograph by a print of the 
one preceding it. 

Photographs in the woods are best taken on cloudy, windless days, 
when the contrast between light and shadow is not great and there 
is no movement to blur long-time exposures. For a picture of a 
stand, since depth of focus is desirable, small stops with correspond- 
ingly long exposures should be the rule. A photometer aids greatly 
in properly timing pictures. For the best results, color-sensitive 
films and color screens should be used. Where the sky shows through 
the crowns, the use of a graduated sky filter is recommended. Pre- 
cautions should be taken in handling and developing special films 
to avoid fogging. 

Overexposure is preferable to underexposure. An overexposed 
negative can often be saved by reduction, but no treatment can 
intensify details that are not present in the negative. 

A record should be made of each picture when it is taken. This 
record should show photograph number, date and hour, stop and 
exposure used, light conditions, position of camera, direction of 
view, kind and focal length of lens, kind of filter, and type of film, 
and should include a description of the camera. (It is suggested 
that the lens number be noted.) These items should be followed by 
a complete description of the view, and an explanation of its choice. 

A view can be permanently identified as to location by including 
in it the plot number and station designation. For this purpose, 
- use may be made of a series of large loose-leaf numbers and letters 
that can be combined in any desired way. 

Some object that will give an idea of relative dimensions should 
be included in each photograph. : 

Repeat pictures should be taken at all the permanent camera sta- 
tions at the time of remeasurement, even if no readily apparent 
change has taken place in the view. Lack of change may be highly 
significant In some cases, and something significant may be brought 
to attention by the photograph or may show up at the time of the 
next visit. If a picture is not repeated, the reason should be noted. 
Even if one photograph has been a failure, the fact that plots are 
presumably to be under observation for a long time justifies making 
a photograph from the same point at each later visit. 

Retakes offer a better opportunity for comparison if always taken 
at approximately the same time of year and of day. Otherwise, 
minor vegetation of importance from the project standpoint and 
visible in one photograph may be obscured by snow in a later one. 
In the case of hardwoods, the whole aspect may be changed by the 
presence or absence of foliage. Uniformity as to time of day results 
in similarity of light and shadow effects. 
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REMEASUREMENTS 


The proper interval between remeasurements cannot be exactly 
decided upon at the time of plot establishment, for it depends on 
the rate of change on the plot. Obviously, the more rapidly a 
stand grows the more often it should be remeasured. 

The nature of the experiment determines how closely growth 
and other changes should be followed. Since significant changes 
take place rapidly during the reproduction stage, in methods-of- 
cutting studies it is common practice to examine reproduction sub- 
plots annually, at least for the first few years. Intensive studies 
of reproduction sometimes call for examining the subplots each 
week or every few days. are 

For stands beyond the reproduction stage, a 5-year interval be- 
tween remeasurements is generally satisfactory. If growth is ex- 
tremely slow, as on poor sites and in very old stands, the interval 
may be lengthened to as much as 10 years. Where growth is ex- 
ceedingly rapid, a 3-year remeasurement interval may be appropriate. 

Diameters are measured at each remeasurement period. 

Heights, except in thriftily growing stands, usually need be meas- 
ured only at alternate remeasurement periods. 

Tree-description data, such as data on size, shape, and confor- 
mation of crown, are ordinarily taken not oftener than every 10 
years, and on mature trees may be taken at even longer intervals; 
in some studies in which changes occur rapidly, as in young thrifty 
stands and in stands of fast-growing species, it is necessary to 
take these data more often. 

On plots that are known to be lable to disturbance, measure- 
ments should be made at shorter intervals. 

Mortality is of course recorded, and trees that have died since 
the last preceding measurement should be permanently blazed, at 
each remeasurement. 

When height data are taken on a height-diameter-curve basis, in 
remeasurement it is well to run strips through the plot in such a 
manner as to include a part of the strip on which height measure- 
ments were previously made. This helps to keep the distribution of 
height measurements well balanced and truly representative of the 
stand. In order to determine whether changes in mechantable 
height and in clear length are such as to call for a complete remeas- 
urement, remeasurements should be made on representative trees. 

Remeasurements should be made at the same time of year that 
the original data were taken. Uniformity in this regard has a 
particularly important bearing on the significance of records of 
seedling survival. If remeasurements cannot be made at the same 
time of year as the original measurements, they should preferably 
be taken during the period of vegetative rest. 

The first duty of those remeasuring plots is to become familiar 
with the work previously done on the plots and with the technic 
used. They should carefully review the records and study the plan 
so as to appreciate fully the intent behind the experiment and fully 
understand the method of procedure. 

The methods used in the original measurement should be fol- 
lowed in all remeasurements, and so far as possible the same in- 
struments or types of instruments should be used, Remeasurements 
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usually call for the same degree of precision as that originally 
sought; if a decision has been reached that increases or decreases 
the demand for accuracy, the new procedure and the reasons for it 
should be carefnlly described in the plot records. Over-refinement 
is preferable to under-refinement. The notes should be kept by the 
same system used previously. 

The man recording the measurements as they are called to him 
should constantly check them against the data from previous meas- 
urements. In this way current mistakes will be prevented and 
errors in a previous measurement will be caught when it is easiest 
to rectify them. A change made in an earlier measurement should 
be written above the original, and the reasons for it should be noted 
in the field. Such changes should be initialed and dated. At 
the time of the first remeasurement a special watch should be kept 
for trees overlooked at the time of plot establishment. Original 
diameters can be calculated from increment cores. The original 
heights of any missed conifers, if needed, can be estimated from 
the height-growth data. 

At every remeasurement, all the plot corners and other permanent 
stations should be inspected and any needed replacements or re- 
pairs made. Any painted numbers, diameter-measurement marks, or 
boundary lines that have become illegible, weathered, or dull should 
be renewed. If original numbers cannot be freshened satisfactorily, 
the numbers should be painted anew. Nails holding tags should be 
pulled *° so that they again protrude from the tree by from one-half 
to three-fourths of their length. Trees that have grown into the meas- 
urable size class since the previous measurements should be num- 
bered (p. 27) and measured. Trees from which tags are missing 
should be identified by means of the stem map, if any, and their 
original numbers replaced. 

Stem maps should be revised at each remeasurement by plotting 
the positions of any new trees and indicating any trees that have 
died. For a plot for which a crown map has been made, if the 
density of the crown cover has changed significantly a new crown 
map should be prepared. Transparent overlays facilitate copying 
usable portions of old maps in the field, and when placed over a 
translucent table top in the office make possible rapid detection of 
crown changes. 

The description of the plot should be brought up to date, par- 
ticular note being made of changes evidently due to treatment. After 
each remeasurement a report should be prepared summarizing all 
the work done on the plot in connection with the remeasurement. 


REPORTS AND OFFICE RECORDS *° 
REPORT ON PLOT ESTABLISHMENT 


When all the field work of plot establishment has been finished, a 
complete but concise report should be prepared, bringing together for 


22 For this work a mechanic’s claw hammer with straight chisel prongs is preferable 
to a carpenter’s hammer, which has curved claws. The chisel edges of the mechanic’s 
hammer make it easier to get the claws under imbedded nails. and thus make pulling 
a much easier and simpler task. 

30In the appendix are given abbreviations and a numerical code for use in sample- 
plot work (p. 75), a list of stationery, etc., needed in such work (p. 72), and specimen 
forms for summarizing plot aata (p. 66) 
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ready reference all the information on the plot or series of plots 
that would be necessary to enable a forester unfamiliar with the 
plot or plots to carry on the work. It should include maps and 
survey notes, directions for reaching the plot, and such summaries 
of data collected as the conduct of the experiment may demand. 
The instruments and methods used in each step of the work should 
be noted with special care. In fact, it would be a good plan for 
the writer of the establishment report to run through this manual 
and wherever a choice of methods is presented explain which method 
he chose and why. 

The establishment report should cover each heading in the fol- 
lowing outline that apphes to the work done, explaining in detail 
the methods used and giving all the descriptions called for in suf- 
ficient detail to prevent misinterpretation: 


General aspects and purposes of project. 
Plot location. 

Reconnaissance. 

General reasons for selection. 

Forest and area (description). 

Description, including full directions for reaching plot. 

History of plot. 

Plot establishment. 

Survey: Methods, instruments, error of closure. 

Demarcation of plot: Methods, symbols, kind and quality of paint used 
(if any), Mapping. 

Numbering of individual trees: Series of numbers used, location of first- 
and last-numbered trees, method of painting ‘numbers or of tagging, 
kind and quality of paint used (if any). 

Collection of data before treatment: Number of trees, by diameter, height, 
and crown or other classification; range of diameters; basal area; 
volume. 

Tree-measurement methods and instruments. 
Tree-description terms, and definitions. 
Reproduction measurements, and methods. 
Soil, litter, ground cover, and other conditions, stem and crown 
mapping. 
Soil type, depth, profile, acidity, ete. 
Photographs. 
Forms used. 
Treatment. 

Purpose of plot in detail. (Relation of present work to future program.) 

Definitions of qualitative expressions. 

Work done, and methods. 

Form of utilization, and disposal of debris. 

Number of trees treated or removed, by diameter, height, and crown or 
other classification. 

Basal area and volume of trees removed, by classification. 

Damage to stand, Cause. 

Photographs of plot undergoing treatment. 

Collection of data after treatment. 

Number of trees. 
Tree measurements. 
Tree descriptions. 
Reproduction measurements. 
Soil conditions. 
Stem and crown maps. 
Photographs. 
Comparison of plot conditions before and after treatment. 

Stand: Distribution, health, thrift, diameter, crown classes, ete. 

Reproduction. 

Ground cover and other minor vegetation. 

Soil and litter conditions. 

Personnel of field party and dates of work, 


SAMPLE PLOTS IN SILVICULTURAL RESEARCH 59 


Recommendations for future work. Discussion of future treatments as to 
kind, degree, and time. This should carry the work for from 10 to 20 or 
more years into the future. 

Appendix: Maps, survey notes, field and explanatory notes, volume tables, 
photographs, ete. 


Usually it is unwise to make an elaborate analysis of plot data at 
the time when the establishment report is written. Remeasurements 
are likely to show that some other approach would be more profitable 
than the one chosen at the time of establishment. However, 
in anticipation of changes in personnel and in view of the diffi- 
culty of fully appreciating at a later time what was in the mind 
of the man who established the plot, it is well for the establish- 
ment report to make rather definite recommendations as to pro- 
cedure in analysis. These serve as a guide to those who make 
reexaminations and write progress reports; also, preparing such 
recommendations in conjunction with the original plan tends to 
assure that the information taken at establishment will cover all 
points needed in a future analysis. The recommendations as to 
procedure need not be adhered to, of course, if some more profitable 
approach develops. 


PROGRESS REPORTS 


At every remeasurement a report should be prepared describing 
conditions found on the plot and any treatment given it (with 
reasons therefor), summarizing the data, and presenting the prin- 
cipal findings from preliminary analysis. Each such report should 
discuss further treatment needed by or planned for the stand. 
These reports should be supplemented with progress reports made 
after every additional visit to the plot. The latter may be exceed- 
ingly brief, but should mention anything out of the ordinary that 
the visits bring out. Information currently recorded on such mat- 
ters as presence of insects, wind damage, recent death of numbered 
trees, excessive numbers of rodents, disturbance of plot corners, and 
missing tags is very helpful at later remeasurements. 

Before the progress report 1s prepared the author should consult 
the working plan, establishment, and previous progress reports so 
that he will have clearly in mind the purpose of the study and the 
previous findings. Such a review will assist him in carrying out 
the essential aims of the investigation. 


FIELD RECORD 


In order that the sequence and usefulness of the plot records ma 
be better understood, a continuous diary should be kept of all the 
operations on the plot. This diary should include the following 
points: 

(1) Date of each visit. 

(2) Personnel of visiting party. 

(3) Work done, and methods of work. 

(4) Instruments used, and persons using them. 

(5) Weather. 

(6) Other pertinent matters. 


An analysis of the time and number of men needed for each step 
of plot establishment and treatment is useful in subsequent planning 
for similar work. 
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PLOT INDEX 


An office index to plot establishment and remeasurements should 
be kept up to date. A file of cards about 5 by 8 inches in size with 
spaces provided for the required information will be useful, since 
the cards for individual plots may be grouped at will according 
to projects, localities, or years when remeasurements are needed. 
The information for each plot should include: 

Project designation. 

Plot designation. 

Date of establishment. 

Treatment and date. 

Area and dimensions. 

Number of reproduction quadrats. 

Date of each remeasurement. 

Date next reexamination is required. 

The card for a new plot should be filled out and filed as soon as 
the field work of establishment is complete. 

An alternative device is a plot calendar, recording the same infor- 
mation as the index cards but taking the form of a large chart on 
which each line represents an individual plot. Such a calendar has 
advantages over a card index in that the records of all the plots of 
a given locality or series can be seen at a glance and direct compari- 
sons can be made immediately. 


PRESERVATION AND FILING OF FIELD RECORDS 


Original field notes, since they are irreplaceable, should be very 
carefully protected against loss. Field data should be kept in a fire- 
proof safe. In many cases, as an insurance against loss, field notes 
should be duplicated, particularly those that will be needed in the 
field for extended periods during remeasurements. One copy should 
be kept always in a safe place, while the other may be taken into the 
field at the time of remeasurement. In the field, all records should 
be kept under lock and key when not in use, and should be checked 
daily to make sure that none is lost. The duplicates may be made 
with carbon paper when the original notes are written. If they are 
not made then, to avoid errors that might occur in copying they may 
be photostated. To reduce the cost of such reproduction, several 
sheets of plot records can be photostated at one time. 

The records of each plot should be filed separately. Data applying 
to a group of plots should have a separate folder and be filed ahead 
of the records of the individual plots in the group. If maps and 
photographs are filed separately from the measurements and plot 
descriptions, a notice of their location should be placed in the plot 
folder. 

PLOT ABANDONMENT 


Changes in silvicultural practice sometimes appear to destroy the 
value of plots previously established to. meet a specific condition. 
Thus certain plots established to show damage due to horse logging 
became valueless so far as their original purpose was concerned 
because of adoption of machine logging. Plots established on a 
diameter-limit basis may be rendered obsolete by a lowering of the 
limit in practice. Plots for study of a favored species may lose much 
of their accumulated research value when the associated species form- 
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erly regarded as inferior suddenly becomes valuable. Maintenance 
of such plots requires time; compilation of the records probably 
requires more. The question arises as to whether plots affected by 
such changes should be dropped and forgotten or whether collection 
and compilation of data from them should continue. 

Occasionally, also, an investigator 1s confronted by the fact that 
certain plots established many years previously are too small, were 
not comparable, or were abnormal in composition, age, site, or stand. 
In such cases there may be some doubt as to whether the plots should 
be continued and, if so, for how long. 

Despite precautions, accidents happen to sample plots rather fre- 
quently. An electric transmission line may be put through one 
corner of a plot; a band of sheep may be bedded down in an en- 
closed plot area; woodcutters may make a hole in the stand; a storm 
may break or uproot a large percentage of the stand; fire may de- 
stroy part of the reproduction; insects may suddenly become epi- 
demic; or disease may break out. 

No hard and fast rule can be given as to whether, in such cir- 
cumstances, plots should be abandoned or retained. Obviously, more 
than temporary considerations should be taken into account and no 
plot should be abandoned unless it is so far awry that further effort 
is certain to fail of a reasonable return. When plots are found to 
be too small, otherwise inadequate, or noncomparable, little can be 
done to remedy the situation. Such plots should be dropped unless 
they have some intrinsic merit that will make them valuable in the 
future. In many instances, however, when the value of plots has 
been destroyed so far as their original purpose was concerned the 
plots have retained value from other points of view, sometimes be- 
cause of developments unforeseen at the time when they were 
established. 

Foremost of the considerations to be taken into account is the fact 
that all plots increase in value as they grow older, regardless of 
what they show, because thus far we have in North America no 
authentic data on forest growth and mortality over long periods. 
Such data are needed in growth predictions. Even if the original 
purpose must be abandoned or if the plots are not as they should be 
to meet a specific need, often the value of prospective data is sufli- 
cient to warrant further work. 

Second, plot records systematically built up over many years can 
be expected to tell us much about the reactions of trees to their 
environment. Relable data on such reactions are now nonexistent 
for most of our forest tree species. Such information is essential 
to putting American silviculture on a sound basis. 

When the applicability of plot data is changed through changes 
in utilization practices, instead of abandoning the existing plots it 
may be desirable to establish supplemental plots. For this reason 
it is well at the initiation of a plot series to lay out a larger number 
of plots than that the need of which is foreseen. 

When the value of a plot is in question it may be advisable to con- 
tinue plot measurements on a reduced scale only. Measurements 
may be made at intervals longer than the period originally prescribed, 
or irregularly rather than regularly. Tags can go longer without 
pulling, or paint can weather still more before being freshened. 
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Intervals between repeat photographs may be lengthened. Corner 
markers that fall over may not need to be replaced. Subplots may 
be forgotten. Records may go uncompiled, if they are properly 
preserved. With such handling many plots, abandonment of which 
is considered, can be continued, possibly to surprise the investigator 
in later years with their value. 
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APPENDIX 


TYPICAL FIELD FORMS USED IN SAMPLE-PLOT WORK BY THE 
UNITED STATES FOREST SERVICE 


(All forms are letter size (8 by 1014 inches) unless otherwise stated) 


561 Tree description. Provides for original measurement and four re- 
measurements of a single tree. In addition to basic data like breast-height 
diameter and height, provides for description of bole, crown, vigor, etc. Note- 
book size. 

561B Tree descriptions. Has same headings as 561, but provides for orig- 
inal measurement and four remeasurements of 8 trees, or single measurement 
of 40 trees. 

114 Permanent sample plots—Enumeration sheet. Like 561B except that 
the only printed headings are species, breast-height diameter, height, and 
crown class. 

279 Physical survey. Provides for detailed description of a plot or observa- 
tion point under these headings: Topographic features, forest environment, 
soil character, and moisture supply. Space on reverse for sketch map and 
additional notes. 
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RS Form 279 
PHYSICAL SURVEY 


DESCRIPTION OF: Observation Point J, Limited Area (], Tree Environ- 
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FOREST ENVIRONMENT 
1S RUC) ey Gee as RE er Nee Sees Ree EC Mates NOMEN CMD GA Buel Sen By Fela ole a spar Vale 
Distance of nearest trees to north______ Pad er? Ks] paegbe eos “VSOUbRES a SW CSie a ae 
HACE ROSE IEE TSS es eae ae ee ae A nwt 8 pea at aA BR kA ee 
18 C2) 01 ica eae st ca A 2D a PaPaIeB Sre h8AO age < a 
LOT ra GY 2) grape cel ne ae aAD SES ar aes fon ead Seon PN oe eee tere Seine be A tom yum rt ae Sh el 
METSOOS PICT: AR Cr ee eS ict Ee SBE CHET ea oe RP nt a Sp 
STIG ILC babe? een 2a). ee cm RRR Se INE ie ABB SNE Uri Rha ont Mei ae ph coi RO: ATA DDD Mpeg Ake yg 3 
2 TYE tay 15 Bade (i gRAAAi ie a eae Reape RUE CCN Oe MERE SR cy Ta, OT Ce RR OMNN EPR AS SS 
Ibasallareasy Si. es 2 ec a Ee re Ae alae Me be SU ols pe a 
Growtherate in heist; : Glam vorseee, fe. Per Ae el ee 
pe ae PS SD SES 2s Fai ae MA Rd a Sites Quality2 1s eas 
SSP OP TIN FEU TN) Og TG ee ot 28 a aes ene at INTOM CPECS | OM be eee eee 
Light at-the sround, percent: 22") 2-- 22 Determined “by2c5- =]. 45 eae 
Summary of conditions affecting reproduction,* not elsewhere mentioned :_____ 
Size, growth, vigor, and reproductive capacity, injuries, etce.°__________________ 
SOIL CHARACTER AND MOISTURE SUPPLY 
IDEDEAY OL MI TEbeT fa ae et eae ak ea at Character 2) 1 ae eee 
IDE DENY OF (MU TIUG spe AD Se Surface: moisture: 22.) = ees 
Penetration of humus in mineral soil as shown by color, inches______________ 
Char<subsoil,;). distineuished “from : Soul) ee Se ee a ee 
Total, depth of ‘soil permeable ‘to .roots,.inches: 2 ee eee 
Amount and kindvot rock Eragmenges: Tn Soule ae 2 ea ay aa 
Char impermeable ssupSb recaps a a ee 
Origin (in situ, colluvial, alluvial, or eolian, and from what rocks)_____-___- 
Camposition-and.class;(atter (analysis) 2224 1b a a ee ee 
PDS EA AEN ER ee ls Sh os Present moisture. 2= 3 
Observers 8s ee 
Date eee ee 
1 Sketch on back of sheet. 4 Give complete list of vegetation on back 
2 Describe separately for each species or of sheet. 
crown class, or both. > Description of special tree only. 


2Give also volume table or scale used, 


and top diameter utilization. 
(OVER) 
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Further Notes and Remarks: 


Sketch: Details of site, 
exact location and 
detailed instructions 
for reaching area. 


me Ee EE Ee EE EE 
, 
ee SS eee — tt ~ teed = 
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INSTRUMENTS, ACCESSORIES, TOOLS, AND STATIONERY USED IN 
SAMPLE-PLOT WORK 


INSTRUMENTS 


Alidade, 30-inch scale. 

Aneroid barometer. 

Auger, soil. 

Bark measurer, Swedish. 

Bark scratcher. 

Calipers. 

Camera, with carrying case, color 
Screens, films, ground glass, special 
lenses, photometer, set of numbers, 
sky filter, and tripod. 

Chain, surveyor’s. 

Compass. 

Containers, increment-core. 

Drafting boards. 

Drafting instruments. 

Geotome. 

Hypsometer, Forest Service standard 
and Klaussner. 

Increment borer (preferably two sizes), 
with extra bits. 

Lenses, hand. 

Level, Abney. 

Microscope, field, low-power. 


Mirror, angle. 

Pins, surveyor’s. 

Plane tables, large and small, with 
tripod. 

Plumb bobs. 

Potentiometer, soil-acidity. 

Quadrat frames. 

Range finder, Fardi. 

Register, tally. 

Rods, measuring. 

Rods, stadia. 

Rules, 12-inch; steel, with ro-inch divi- 
sions; wood, with %&-inch divisions. 

Scales, engineer’s 12-inch boxwood. 

Slide rule. 

Staff, Jacob’s. 

T-square, drafting. 

Tapes, diameter, 10-foot, 20-foot, and 
50-foot. 

Tapes, surveyor’s, 50-foot, 100-foot, 1- 
chain, 2-chain. 

Transit, with tripod. 


ACCESSORIES 


Brushes, paint, several sizes, and stiff 
wire. 

Canteen. 

Carrying case, hand, canvas. 

Chalk, crayon and precipitated. 

Cheesecloth (or cheap muslin). 

Climbers, tree. 

Crayons, artist’s, in different colors; 
keel (red, blue, black). 

Iron, angle (for corners). 

Knapsack. 

Ladder, sectional. 

Maps, county, forest, road, State. 

Nails, assorted copper (sixpenny, 
eightpenny, twelvepenny, finishing). 

Numbering machine and tape. 

Paint. 

Phloroglucin. 

Pins, wire (for reproduction). 

Pipe, iron (for corners). 

Posts, conerete (for hubs or perma- 
nent corners). 

Press, plant, with blotters and papers. 

Protractors, metal and xylonite. 

Repair outfit, tape, complete. 


Rope, clothesline and manila (or 
hemp), %4-inch. 

Sacks, burlap, chalk, seed, soil. 

Safety belt, lineman’s. 

Scales, postal, 25-pound capacity. 

Serews, assorted sizes. 

Scribe, timber. 

Signs, tin, enamel, wood (for location 
survey, boundary, information, etc.). 

Sling seat (for climbing trees). 

Soil cans. 

Spray gun, paint. 

Stamps, rubber (tree-numbering). 

Staples, fence. 

Stencils (for signs). 

Tacks, carpet and thumb. 

Tags, tree. 

Tatum holder. 

Triangles, xylonite. 

Trunk (for instruments and records). 

Twine. 

Wire, copper, noninsulated and insu- 
lated; hay, stove, and telephone no, 
12. 


TOOLS 


Axes, hand and single-bit. 

Brush cutters (pruners). 

Chisel, cold and carpenter’s 1-inch. 

Connectors, wire. 

Cutters, wire. 

Dies, set of. 

Draw-shave. 

Files, flat, rat-tail, and triangular. 

Hammers, carpenter’s special claw, 
machinist’s, and light sledge. 

Hatchet. 


Knives, bolo, butcher, hand, and 
machete. 

Mattock. 

Pliers. 

Rasp. 

Saws, carpenter’s hand, and crosscut. 

Screw-drivers (large and small). 

Shovel, long-handled. 

Spade. 

Whetstone. 
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STATIONERY, ETC. 


Clips, paper. Paste. 

Envelops, assorted. Pens, drafting and writing. 

Erasers, art gum and pencil. Pencils, colored (set), and drawing 
Forms. (2H, 4H, 6H). 

Glue. Photographs (original and repeats). 
Ink, drafting and writing. Reports, establishment, etc. 

Labels (paper and cloth). Rubber bands. 

Notebooks. Working plan. 


Paper, carbon, coordinate (several 
sizes and scales), notebook, scratch, 
tabulating, tracing, transparent 
(overlay), and writing. 


ABBREVIATIONS AND NUMERICAL CODE FOR USE IN SAMPLE- 
PLOT WORK 


Age classes: Abbrevi- Numerical 
Uneven-aged stands: ation code 
EOP Ta aaa PR aes a ln seer dy Be ea age a's 1 
eri MAGE seen ee ye Na i ee eg et T™T™ 2 
TNR Ga i A eh Pe Se ie ae Oe M 3 
Qe rFNY ee LUE ts ope ee Ep PL Sea a OM 4 
Even-aged stands: 
ORE ORS iy Cet eS ae are aes ee ae ee bh ee oe Ae if 
OT EOMEORV CAS sce elon Ged pean See ROS ay Tee NR a Se 2 
DAVOS haart S07 rs een mr eee be MISE al NR Nee etme cs Ao tes fhe 3 


Ete. (If data are for 20-year age classes—e.g., 0-19 
years, 20-39 years—use odd numerals only, as 


TSS) 
yarn eC knMessee. caw R= Dae 2h ot hess ape Pi Loko rao Bota Sos 
Basa manenm (SGT arenkeet) 50 ses hen 6a) ES eh hl le BA Pesgeur eo 
Se ROIMOEO Willenet steep ek eal et bie i ens Bei sows eo 
IReanimeatnee iqwainess: tree) 8 2 Ses 52 SPS et ed | 5d enh eh ae 
iIBencho marke Gwiinessamarkeni <0 21 c00le ooo 8 ee ae BIMES ts ied ae 
FOE R Oe he © freer arie wn aaee O94 Le Slee oh RM et Ss Bere 


Brush (cf. Slash.) Area occupied by brush (or chaparral). 
Species may be plotted and a letter or coded numeral 
adopted to meet local conditions. 


(Ce aaVengey TO GTIN NPE ay Raa Mery SPIE 9 eg ete ee 5 CP) 4-5 ieiee 
Carrer en Ma ea So teeta hl Bre AAR Le Ne A Cdseheiiecmies 
© GECKO Ome eg ie on LE in By = Saye ek oe Caw issal: 2 xa 
Wrongneelancemenis ao Chek eM gS ei kee a (Ol Ges apie 3 
] 2S GTRET TT GIES oe Ne UNE ZO Ec ag Re aes al PES ee nya eee D 1 
OGrGLONEV VEEN es FG A ee ne A es Pal ay Fy eat C 2 
ire rine olenteee 2 an. tis. wach. oh Wee angles be5 Np eit Sead I 3 
(a SESE Minar pe eg ne Re oi SRE S 4 
Ray Per tre cr up ae aS be 3 ae xX 5 
Peele a sc cramumun Gbkis Ome he kee es a ioe Le Se 2 R 6 
DER eragii sc Wek Fin ene Bead cl Bae i Sen SP 8572 O10) thee: Oe Ne 
LT AP > cao ae SANUS epee I co ° RE ga Rg a L 1 
RU ecebr cpa eer cous Fy ec A A neg eRe Ari Rel A A bY M 2 
SUG e ie ST ea See ia coer eee mcae > to. ee ev CRN Eee eee eae ae S 3 
TRS TALES ETS SS St RP Cig 274 c: )PO  eee Doek OR e CS sae S 
A GYs | Se a ee say clas tag MMe Fast gph BP A oth Cag a 8 12 1 
ESS G | * SEN Babee Ree agra dk Sa ee ee UE OE R 2 
Sey pemmmmpet ak om Miares Sal. ype) Pet IR he 2 FS Mart OTS ak hee E 3 
Mirlenciebe ne. Sao cu ats ho keh se eal Rei ots Bess Seed C18 4 
“TN EP TEES (56 ED Moe AL a Rn oe icy) NN ra oe et a C28 5 
SIBINecCODM(GeAG GLOD) rs - pire! oS epee a see SF eh Dt 6 
LEE OCAYES HE) Opes Nee, Oe NURS ge De ie ©) ee eee ake eee By 7 
REG UATAGIGL Gade pa Mier ie A Type 1 a SC eo we GW eel ee 
DORE isl Cones Moen or an ae te ga ogee Oe TA eek Seg oi W 1 
IPR Celtnpiry preseason in Cen 1 5g eee? Le ie ak wy M 2 
IST ST SE 7 2. aE i ae a et, > 8) SEN Os ere N 3 


' 
it 


=, 


SSeS 


code 
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Density of stand: + This usually refers to light conditions, be- Abbrevi- Numerical 
ing in effect a measure of the tolerance of the ground cover. @4°2 
It may be expressed in terms of the percentage of light reach- 
ing the ground. This is recorded in tenths, by the use of 
numerals 1 to 9. Complete density (10) is expressed by 0. 
Very dense shade: complete canopy of tolerant species 
(Glev dense spruce. sitem lock: (OTs eeC ln) meme abe eee enn eee 
Dense shade: canopy with some holes, tolerant species 
MOL LOLMAMSTEOMA ELE CATO Vj se ee pe ees epee tn ee 
Medium shade, such as is formed by complete canopy 
ofintolerantSPeCles 2100) Lae Gee Seda) Spica Cees ei, ia enen ae 
I BHU) ovz1(0 (ewe 017 ee ee Oc EY ER hs he LM weak eed ie OND lo 
@pen stand @ess than halt ishade)= ws eee a eee 
Diameter: 
Breast here li teviye 2a t)  aS 7ol eoa ge eeee DBH 
Inside bark sa Get Gah) i a Mot AS ONE ee DB beats ONC dib 
Outside Woar keto 22 iy or PORE TN Bk Mh serie er ar ceria dob 
Erosion: 
Sheet: 
Rey al 0) Cea Whe a ip edgier ca A Meigs ce Ri Ata ety aT 
VERE 72 Neil Sor eG oh a RE Aes AR eee ae 
Shoestring: 
ROUT 221 01 paar alan a ee ae gO MMs ae UNM Ds ipo lnk iy ge Sa Pree 
Moderate: Se 5 aie et 2) PUN eI gos GY coe ee aa 
PeY SIN (os oe ies at eet Pe URE ene en EE Sei ate AY SIE MSY 1 
Gullying: 
Db Tit akg Sig fe Pees ea ak ee ee ee 
IWiGelera Gee aN ces 6 a0 dents ate Sashes Se Sie ON sled oo SE rete) Rea 
FIR COSSIVG ME. Cis Sys eh Ryka ak TN Utah a 9 cee Bak AE pee oe 
Exposure 
DEST eat eRe VES SN ss ae LU Van | AT UP Aco 2 Ft 
INGOT rn psig sa Peg ee A Ela lh N 
J esate] VEZ 1.5) an Ml pte ge oan ire HERD IE) RQUU A IT tes Sa URNS eS RAS NE 
PERT SAS Ga Ne Ss ee kN I rer nc ag oka pn E 
Sou neas tie sel het a0 lesa aN Uh OC Sg rey eae SE 
SYOUN TOUS ES eae aR A ered ic gee ee Rr Bane CANES OLA et ae S 
Southwest. esse pee ales ah ae Bi een a ah Be SW 
\ AES] bse He mn arian ee emma ft cp abe ae re A Manaus vere tant Set Too PAU W 
TIN OE EIWES Use teh 2 ata St tale Tie 955 100 Li LA ae Satya ry Hey Rae NW 
Form: 
(OFS 20 DRI son SOREN Dic SAE As WAAR Meee ee Mt I ie ae sag SUE A a Fe 
1 ECG PCO eo oR Ae gD Aol 2) 2 gO fea je ya Sapo Pe SW AES Ff 
JEXoy tat eS h (PN tl Ne Se PS Aaa yO me eng ei cc Raat See EU AE CS ea be, Fp 
Quo tients cee ee ee Pel hs eNO ee See Fq 
Ground cover (may be recorded separately for grass, weeds, or 
brush, or for individual species of each): 
QING HA ie een Ns we Bc Pa Lg Ps 9 da) eed AN aie A 2 a 
Agr) egal Ee A LO a EV RAE gl Shy ape ee 
DSC AUTO GMO Mie tle GTN 2 ak 2k ie ee De ae Oa 
OTTO BER GNU aia Si UNE ee ard ee eg aL 
aX) oy WAY (2) 0 posers. gt nga NEN erm ea Wey A Do NLR UAE ayn 2 
Wem, alo ural ern bpe Se ts yh as aR a el 
Height: 
BY Nstep COs iON okay Ma oc ile Seal en cet eg ea IM, hk POE Es BC 
Mere lata tai bo le ete ee a ae ea iene ri Mech 
EA yt Mims siete Do cay ON) ae | Ti CA ea gg ey 0 a Ht 
Imerementiponrimg yates (i EN eee ee ee Te esl, Bo 
Dwerborimgs won; trees 2) 22 2p a ee eae eae red ee 2Bo 
Mhrec borings i@mi tree 22 Vee iho 2 25 ee es eee peg 3Bo 
Injury: 
Disease—abbreviations for specific names of diseases or 
numerical code. 
Fire: 
SAAS CAT Se Oat Seek el If 2 Ee ORR ae AN eg aS ee 2 Fs 
Grow SCOBC WCE ae A a eho 20. 1 NII Td "eb a Dpe aa Fes 
(Express degree in percentage and use 1 to 10 
under the Hollerith code.) 
Feat Merl ole steak es ere Se A en One cee ee Fx 
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Injury—Continued. Abbrevi- Numerical 
Fungus—as for Disease. ation code 
Insects—abbreviations for specific names of insects or 

numerical code. 

TF Be paid Gee eae peeve 8 8) ia Deel RW Ne ta ead cas 
Bark valle ecm wees Meee yi SRL sills Riptide Lbk 1 
Basal Sc arya eee ree OR ea Aol Ls 2 
Gide ics 25 a ae eee Uk ly Nii i Lene Lg 3 
im psilor ole meters aN) alld «Sal Arse payee fo MON Lb 4 
PROP NTO Keno Ube we bk sia le hee was Unie) 2a Ltp 5 
ARE! Mem RO VST ee teas Mpls Oy SANS ch a) ey 9 Lo 6 
MERE E MUP LOOUCH seat melts Aeon rely 2 Gp oe mT a Re Oe Lx lh 

Light, see Density of stand. 

Litter: 

HINT Go 10 Gass Borg a ak Sa i oY Rl et NS Es Ce A NS 0 
Scant ts Ui WORM COVER es teste Le A ear gues DARE Ne UES An lan lon 1 
Scant, irregulariyeadistrilo bed aye a5 Coa tins © aia Pooh Ba eae ae Se 2, 
Complete: 
Ge Sst wana 14m Clay Gee paseo ee ahr eh ele si ae eh yO 3 
TSU Orile min Chi CEG ws see et em te A ie IE Ie ep aR a ag Ce 4 
Aiton ll yosamichesrdee pace eee ayaa eS eee De a egy 5 
LP opCO yo: ICME Stee tore. pe ieee Lik A Ty A se Leo ee 6 
DELOKTEID ChESuG ee ped ae re ey SNE SOs Nes ATE ee ID et el ag Uf 
AGO Zire OS CCE sy a arse ie SE et EA ee 8 
Moreithantli2simebes Geep me cm a esac. wh ee ad) a 9 

Seed crop: 

Vs cova Ee ce ea Se 2 I ia Ra a2 Ic ening 0) 

oN GEOL Ss cl ap Sh EG OR OL Tag Ah fy 1 

INGoceT AGEs Cia) ie ca NW s 0 Sivek As ts CORR AS Soil os RR Ul I eS PS IE a 2 

CONN Js see I 2 Ne IO FS a a rt Ula en ea SE AR al 3 

aU GNU a6 2H SING a a Os Se A HA iD OA A Ne ae eae My oy ta 4 

Slash: 

PATIOS extn ym eae ic omnes fait Nery eek UTIL A led i as Re) Si 00 
PSKGPE PLUS 1 eSNG | Ss ee eM Se Ce ec PL SA Po a Pee NCAR Slo 10 
inichtuinitormilyrdistrilbutedas le.) sa waa Sl 11 
ight unevenly distributed. 24 01s.) a eee Sld 2 
Medium, uniformly distributed: === = 2.5) 22a es Slm 13 
Medium; unevenly distributed: —_ = -2)___ 2) ee Slmd 14 
Heavy, uniformly distributed 02 4) Ya ee Slh 15 
Heavynunevenly distributed’: 252. joe ieee ae Slhd 16 
Weny heavy, uniformly distributed 92.2 22225225 Slk Z/ 
Very heavy, unevenly distributed -_-__-______=_._ Slkd 18 

TESS GGL, ie AE PI Jes Sd nO cS PRN BL pt Uae Slp 20 
Compact piles: 

LOpret Oy ig 05 ph eel 0 CN ad SR Ue Slp Pall 

1 BINED 0 SY bk Me race elk IR oe play pee ae Slpb 22 
Windrows: 

UC Sial ont a) 26 ab asec Se roca sg 2 8) colt 9 Tg A rape ge ee aa Slw 23 

JENST G OYe(6 [RP Au Nae Mareteeyeay Cpe Cac a Rm AN pone nee Pier eho Slwb 24 

Hoppedtandiscattered sais). “uate nian a ay a i di Se 25 

Po hgeisial] Ox) ORO oh] Ke GUM y ia ene pring ek) 3 Veyd alec APs ge eee pe se Swb 26 

Slope—express in percentage. Record as numeral | to 10. 

Species. Use symbol (as #, °, ft), letter, or coded numeral. 

On a map diameters are shown following the symbol, as #7.3. 
In most regions, it may be necessary to code all tree species 
found. Separate lists should be made up for tree species, 
brush species, and herbaceous cover. 4 

AUSRRIST Gime peseen me Mlb at MUMS Eves CIN) Aah ures uate ol ae Wellbar ae FEY ih Bek Seas 
SSE Gq NU TED ERs 0 a2 a a ag Op 2 eI Gc Ie ee eet Vv i 
1S VENG SOUT NOLO, AES ARS i Gt PY fc MSs Me ap eee (ET M 2 
HE Te BAL Nile Laetitia eae kh 2 Op oe ON el P 3 
ALG es ELS Or INI or ET lk rE aR ee es a ga leh eg = PY aN BE, 4 

Nees MU Tae ete Pe Ma er gk UE fee iti i a eR a ie ae he A Vi ska avid 
FEY e REC bie em keatisicr at) st HL TL a ga UL UN a VeBIMe hia 

roe CSE AMOR a ea At 8 ol ec ee aa V-@ Dit oe coe 
Wire thee by esi eis a a ge ed Meee VCH se se ae 
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SYMBOLS USED IN 
SAMPLE PLOT MAPPING 


o Plot corner 7 Sawmill 

= Boundary post ; ® Mine location 

—— Tree on line ~>—_ Stream — living 
=> Subplot corner —--.>--.  Stream-—intermittent 
8) Quadrat a : Stream bed —dry wash 
A Transit station or hypsometer hub | o> Spring 


Kis Litter station 
ss Soil station 


4 @wW Stock water hole or tank 


| 
| 
| ~~ 333 Checkdams across stream 


——> Gaging station 


‘Ace, Camera point (arrow shows direction of view)| ***" ~~ Rock outcrop 


Bench mark 


Cs2g 49 Tree number aul: Logged areas dragged bare 


Triangulation station 
Road 
Woods or logging road 


Logged areas partially denuded 
Firebreak—raked 


Firebreak—raked and burned 


er eV Slash — piled 


=S—- Skid trail 


| 

| 

: 

Slash — piled and burned 
= Chute 


Ly Slash —spot burned 
fies] 


= 
<==: Skid trail with chute Slash —lopped and scattered 
>>—>—> Flume-—V-shaped << Slash —asit fell 
us3-2 Flume—box-shaped zzz7777, + Slash —windrowed 
—==.— Pitch (uphill side dashed) wage ~=Silash —windrowed and burned 
rH++++4 Railroad | — Log 
x—»—» Fence — barbed or smooth wire | pee Windfall 
Keene «©=6 Fence —mesh wire | — Dead tree 
——— Telephone line | d Snag 
r4irirsi Pipe line | AB Stump 
— Bridge Conifers 
G Too! shed or cache Hardwoods 
IX Shelter Grass 
a Cabin Marsh 


DESCRIPTION OF PONDEROSA PINE TREE CLASSES ” AS DEVELOPED 
BY DUNNING 


Seven tree classes are recognized, as follows (fig. 4): 

Class 1: Age class, young or thrifty mature; position, isolated or dominant 
(rarely codominant) ; crown length, 65 percent or more of the total height; 
crown width, average or wider; form of top, pointed; vigor, good. 

Trees of this class are rarely over 30 inches in diameter even on good sites. 
The bark is dark brown and roughly fissured into ridges or small plates. The 
foliage is rich green in color and dense, owing to retention of the needles 
of 5 to 5 seasons or more, except at the base of the crown. The needles are 
often long and coarse, especially near the top. Terminal buds are large. The 
top is pointed, owing to the rapid elongation of the terminal. Thrifty open- 
grown young trees belonging to this class are, however, sometimes round- 
topped because of excessive lateral growth of branches near the top. On the 
other hand, slow-growing trees sometimes have pointed tops, due to weak de- 
velopment of laterals. The annual whorls of branches and internodes are still 


30 Dunning’s conclusions (20) have as a basis 20,000 individually numbered trees, on 


25 permanent sample plots in uneven-aged stands, which were followed over a period 


of 15 years, 
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distinct, except in the lower crown. Branches are horizontal or upward curving, 
except at the base of the crown where suppression is taking place. Numerous 
stubs of dead branches are likely to be present below the crown. 

Class 2: Age class, young or thrifty mature; position, usually codominant 
(rarely isolated or dominant) ; crown length, less than 65 percent of the total 
height; crown width, average or narrower; form of top, pointed; vigor, good 
or moderate. ° 

Such trees are usually less than 24 inches in diameter. They are commonly 
the inside codominant trees of groups. The crowns are smaller and less dense 
than in trees of the first type. Otherwise they are similar to those of class 1. 

Class 3: Age class, mature; position, isolated or dominant (rarely co- 
dominant) ; crown length, 65 percent or more of total height; crown width, 
average or wider; form of top, round; vigor, moderate. 

These trees are ordinarily between 18 and 40 inches in diameter, depending 
on site quality. The bark is light brown or yellow, with moderately large 
smooth plates. The foliage is less dense than in class 1 trees. The top is 


SS 3 


> 
\— 
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FIGURE 4.—Tree classes in uneven-aged stands of ponderosa pine, as defined by Dunning. 


round, because of slow height growth. The nodes are indistinct, because of 
incomplete whorls of branches. The branches are nearly all horizontal or 
drooping. 

Class 4: Age class, mature; position, usually codominant (rarely isolated or 
dominant) ; crown length, less than 65 percent of the total height; crown 
width, average or narrower; form of top, round; vigor, moderate or poor. 

These are commonly the inside or codominant trees of this age class. Except 
for their small, poorly developed crowns and smaller size, they are similar 
to class 3 trees. 

Class 5: Age class, overmature; position, isolated or dominant (rarely ¢co- 
dominant) ; crown of any size; form of top, flat; vigor, poor. 

These are usually the largest trees in the stand. The bark is light yellow in 
color, the plates often very wide, long, and smooth, especially near the base. 
The bark may be thin, having weathered more rapidly than it has grown. The 
foliage is usually rather pale green and very thin. The needles are fairly 
short, appearing as tufts on the ends of the twigs. The needles of 2 or 3 
seasons only may be retained, even near the top. The top is flat, the terminal 
rarely discernible. There is no appreciable elongation of the nrain axis. 
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Searcely any nodes are distinguishable. Nearly all the branches are drooping, 
gnarled, and crooked. 

Class 6: Age class, young or thrifty mature; position, intermediate or 
Suppressed; crown of any size, usually small; form of top, round or pointed; 
vigor, moderate or poor. 

These are understory trees, rarely over 12 or 14 inches in diameter. The 
bark is dark and rough. The top is round or pointed, showing that some 
height growth is taking place. Whorls of branches are evident, though the 
internodes are short. 

Class 7: Age class, mature or overmature; position, intermediate or sup- 
pressed; crown of any size, usually small; form of top, flat; vigor, poor. 

These understory trees are rarely over 18 inches in diameter. The bark is 
light in color, thin, and smooth. The top is flat, the terminal rarely dis- 
tinguishable. The foliage is excessively thin. The few branches present are 
gnarled and drooping. 


SWEDISH TREE CLASSIFICATION (34) 


1. Dominants—Trees of dominant class, i.e., the tallest trees in the stand. 

2. Codominants—Trees of somewhat less height and thinner crowns and gen- 
erally more slender boles than class 1 trees. The heights run from about two- 
thirds to five-sixths of the heights of the dominant trees. 

3. Suppressed—Trees the height of which ranges from one-half to two-thirds 
of the height of class 1 trees. The leaders are usually short. In even-aged 
stands this class includes the slower-growing trees of the predominating age 
class. 

4. Understory—Trees the height of which does not come up to half that of 
class 1 trees. This class includes the smaller suppressed trees (of younger age 
classes in uneven-aged stands, or advance reproduction of sapling size). 
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Ficurn 5.—Swedish tree classification for conifers. 


In addition, the following symbols are used:r, reproduction of less than 
sapling size; O, overstandards. Overstandards are trees of an older age class 
(usually 30 or 40 years older than the main stand), usually considerably taller 
and of greater diameter than the other trees in the stand. 

A tree with a well-formed crown and with a good bole is entered without any 
notation other than the number of the tree class. Other trees in each of the 
crown classes are further classified, with reference to the character of the crown 
and the form of the bole, by letters, as follows: | 

a. Trees with one-sided crowns. 

b. “Wolf” trees of better quality, with large, low-hanging branches. 

e. Crooked or twisted trees, forked trees, poor-quality ‘‘ wolf” trees. 

d. Trees with crowns suppressed or damaged owing to influence of adjacent 
trees. 

e. Trees in a sickly condition owing to damage by insect, fungus, fire, or 
other agency. 

f. Dead, broken, or heavily snow-damaged trees. 
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Examples of the use of the symbols given are illustrated in figure 5, as follows: 

1. A dominant tree normal as to crown and bole. 

la. A dominant tree with one-sided crown. 

1b. A fast-grown tree with large limbs, a better wolf tree, in the dominant 
class. 

1c. A decidedly crooked or limby tree of poor quality in the dominant class. 

2. A codominant tree with normal crown and bole. 

2d. A codominant tree with crown suppressed or damaged owing to influence 
of adjacent trees. 

3d. A suppressed tree with damaged crown. 

4d. An understory tree with crown damaged through influence of adjacent 
tree. 

4f. A dead tree in the understory. 


METHODS OF PREPARING VOLUME AND YIELD TABLES 
VOLUME TABLES 


(Report of a committee on standardization of volume and jield tables) 


The Forest Service has had in mind for several years a series of manuals 
covering methods used in silvical forest research. At a meeting of forest ex- 
periment station men held at the Forest Products Laboratory, Madison, Wis., 
in March 1924, the need of such a series was clearly shown, and it was proposed 
to establish certain definite standards for silvicultural and mensurational re- 
search. Because of the growing demand for growth and yield studies, and 
because no uniform methods were being followed, it was felt that these should 
receive precedence. To insure that the field would be adequately covered and 
the forestry profession fully represented, a committee of 9 was formed. 
Three members were appointed from the Forest Service, 3 from the Society 
of American Foresters, and 3 from the Association of State Foresters. The 
committee immediately began studying different methods in use and pro- 
posed, and decided to present those measures which it felt would result in 
accurate and consistent volume and yield tables. It was not the pur- 
pose of the committee so to standardize the preparation of these tables that 
further research in mensurational fields would be precluded, but to present the 
best practice now in fairly common use so that any agency preparing volume 
and yield tables could proceed in confidence that its work would measure up 
to a high standard of accuracy and completeness. In following these methods, 
that agency would also have the benefit of previous mistakes and avoid many 
of the pitfalls that beset the unwary. It is hoped that the committee’s labors 
will result in improved volume and yield tables, and that the outline here 
presented will be followed by all forest agencies undertaking their preparation. 

The members of the committee have devoted considerable time to this task 
and have cooperated heartily in a work which has developed numerous dis- 
cussions. In addition to the suggestions offered by the committee members, 
advice and comment were obtained from the various forest experiment stations, 
several of which now have growth studies under way, and from foresters not 
formally represented on the comntittee. Much of the burden of preparing this 
material has been carried by Donald Bruce rather than by the chairman. 


COMMITTEE MEMBERS 


Forest Service Society of American Association of State 
Foresters Foresters 
Edward C. Behre H. H. Chapman J. S. Illiek 
Donald Bruce T. S. Hansen MBE ratte 
EK. N. Munns, chairman D. T. Mason HK. O. Siecke 


FIELD MEASUREMENTS 


1. Diameter breast high should be measured 414 feet above average ground 
level. 

2. The measurements should be taken with calipers, when possible, two 
diameters at right angles being averaged. 

3. The diameter should be measured to the nearest one-tenth inch. 

4. Bark thickness should be recorded at b.h. 
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5. If the diameter tape is used in place of the calipers a special investigation 
should be made to determine the average difference between the measure- 
ments by the two instruments for the species in question. 

6. Total height should be measured from the average ground level to the 
tip of the leader. 

7. Height should be recorded to the nearest one-half foot. 

8. If possible, height should be measured by tape or measuring stick before 
the tree is divided into sections. If not, it should be obtained by summing 
the lengths of the individual logs plus those of the stump and the tip. 

9. Height should be measured with tape or measuring stick. 

10. Merchantable height should be taken to a fixed diameter limit: 5 inches 
if the International rule is to be used, and either 6 or 8 inches, according to 
local standards of utilization, if the Scribner rule is to be used. 

11. Age should be determined by stump counts on 10 to 25 percent of the 
trees, selecting trees of varied sizes. 

: Ae Diameters should be measured at regular intervals up the tree as 
ollows: 

(a) At 8.15-foot intervals where maximum height of timber does not 
exceed five logs: 

(6) At 16.3-foot intervals for taller timber. 

15. The height of stump should be 1 foot in the case of second-growth and 
114 feet in the case of virgin timber. 

14. The following intermediate taper measurements should be taken near 
the butt of the tree: 

1 foot above stump. 

2 feet above stump. 

6 feet above stump. 

8.15 feet above stump. 

12 feet above stump. 

(Except in the case of trees which are irregular in form at these 
points on account of fire scars, turpentining, etc.) 

15. Diameters up the tree should be taken at lengths which are measured 
from the standard stump height (see no. 18) instead of from the actual 
stump height. 

16. All diameter measurements should be taken by means of calipers, and 
should be the average of two measurements at right angles, to the nearest 
one-tenth inch. If diameter tape is used, an investigation should be made 
of the average difference between measurements by the two instruments. 

17. The average bark thickness should be obtained at each point of diam- 
eter measurement to the nearest five one-hundredths of an inch by averaging two 
measurements made at points diametrically opposite each other. 

18. The standard instrument for obtaining bark thickness is the Swedish 
bark-measuring instrument. 

19. The following characteristics should be considered as making a tree 
too abnormal for use in volume tables: Forked tops, broken tops, a heavy 
lean, and turpentining or fire scars which distort the d.b.h. measurement. 
Tops repeatedly broken back by whipping should not disqualify trees of species 
for which this is a normal condition. 


OFFICE COMPUTATION 


20. In computing cubic-foot volume the stump should be considered a cylinder, 
with a basal area corresponding to the diameter at stump height. 

21. Logs should be cubed by the Smalian formula, using short sections as 
indicated by no. 18 for butt log and 8.15- or 16.3-foot sections, as indicated in 
12 (a and Db), for the remaining logs. 

22. The tip should be cubed as a paraboloid. 

23. The computations may be performed by using multiple basal-area tables, 
alinement charts, or the basal-area slide rule. 

24. In eubing, three significant figures should be retained. 

25. The values for the fundamental table should include stump and tip but 
no bark, while subordinate tables may be prepared for merchantable volume, 
exclusive of stump or tip and inclusive or exclusive of bark (no. 35). 

26. In computing volume board measure the standard log rule for second 
growth is the International Y%-inch kerf. In addition, where the timber is 
already merchantable the local rule may in some instances be used, 
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27. For virgin timber, both the International (%-inch kerf) and the local 
rule should be used; preference among local rules should be given to the 
Scribner decimal C rule. 

28. The tree should be scaled in 16-foot logs (as in 12) plus a short top 
section (to the top cutting limit) which is scaled as a fraction of the next 
length. 

29. No deductions should be made for defect. 

30. No individual tree computations of volume in cords and other units of 
minor importance should be made, since tables based on these are more readily 
obtained by conversions of the final table (no. 35). 

31. In place of computations of volume, the percentage of d.i.b. at 10-percent 
height intervals over d.b.h. may be used where taper tables are to be prepared. 


PREPARATION OF TABLES 


32. Separate tables should be prepared for second growth and for mature 
timber, the line being drawn at the most probable rotation age. 

383. The possibility of separate tables for different sites should be carefully 
considered. 

34. The cubic-foot table should be prepared as follows: 

(a) The trees should be grouped in the following height and diameter classes: 

Diameter, 1-inch classes for species not exceeding 36 inches or 2 inches 
for species larger than this. 

Height, 5-foot classes for species not exceeding 100 feet and 10-foot 
classes for species taller than this. 

(6) For each height-diameter class the average d.b.h., average height, aver- 
age volume, volume of cylinder corresponding to these average dimensions, and 
average form factor should be computed. 

(c) These form factors should be curved over height and diameter. 

(d) The final table should be prepared by multiplying the volumes of cylin- 
ders computed for the various height-diameter classes by the curved form 
factors. ; 

35. The board-measure table should be prepared in the following manner: 

(a) The grouping into height-diameter classes should be as follows: 

Diameter, 1-inch classes for trees not exceeding 386 inches, and 2-inch 
classes for larger timber. 

Height, 8-foot classes for trees not exceeding five logs in height and 16- 
foot classes for taller timber. 

(6) For each group the average d.b.h., average height, average volume, and 
average frustum-form factor (based on the frustum corresponding to these 
average dimensions) should be computed. This computation is facilitated by 
the use of an alinement chart which permits ready interpolation. 

(c) The frustum-form factor should be curved over d.b.h. only. 

(d) The final table should be prepared by multiplying the frustum-form 
factor values by values taken from the alinement chart for the various height 
and diameter classes. 

36. Whatever subordinate tables are required, they should be derived from 
the basie tables by conversion factors based on diameter and height. For 
example: 


Table Conversion factor 
I COVECC IS sabi lls i NE ea ie le a ee ESSN Cubic feet per cord. 
Merchantable volume to 3 ineches____________. Percentage of total volume which 
is merchantable. 
Mormmejnnenndine barks 222 2 oa oe) Percentage of bark. 


Volume board measure based on total height_ Length of top above the merchant- 
able limit. 


ot. The following checks should be made on all tables: 

(a) The aggregate difference between the actual volumes of the trees and 
those corresponding thereto taken from the tables should be computed. Satis- 
factory limits of error are one-half percent for more important tables and 1 
percent for less. 

(0) The average deviation of the individual-tree volumes from the table 
should be computed. In this computation the volumes read from the tables 
should be interpolated to the nearest one-tenth inch of diameter and the nearest 
foot of height. This may be done readily by putting the table in graphic form. 
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(c) Where two or more tables have been independently prepared from the 
same data they should be checked against each other, as, for example, by 
computing the board foot-cubic foot ratio or the percentage difference between 
the volumes by the Scribner and International rules. 

38. The following information should be published with every volume table: 

(a@) Species (common and scientific names). 

(6) Region or locality. 

(c) Author and date. 

(d@) Unit of measure (log rule). 

(e) Portion of tree measured. 

(f) Basic data: Number in each d.b.h. class, number in each height class, 
location of data by heavy lines. 

(g) Method of computation. 

(2) Method of measurement (instrument and length of sections). 

(i) Average deviation. 

(kK) Aggregate difference. 

(1) Age. 

(m) Site, if yield tables exist; if not, physiographic location of material. 

39. It is premature to standardize methods of preparing taper tables. The 
Jonson and Behre formulas are the most promising, but demand a further 
study of the factors of bark thickness and root swelling and of the method of 
field determination of form classes. The conventional methods are of doubtful 
accuracy. 

40. The number of trees required for a satisfactory table depends on two 
factors: 

(a) The average deviation. 

(6) The number of entries in the final table. The number of trees measured 
should be directly proportional with each of these factors, but it is probably 
premature to set fixed limits. Perhaps 300 or 400 could tentatively be accepted 
as satisfactory where neither of these factors is abnormally high. 

41. In checking the applicability of volume tables a relatively small number 
of trees may be used. If their aggregate difference and average deviation from 
the table are calculated, the test for satisfactory accuracy is an average devia- 
tion of the same order of magnitude as that for the basic data on which the 
table was prepared and an aggregate difference which does not exceed two 
times this average deviation divided by the square root of the number of trees 
used in the test. In cases of exceptional importance a check of this sort should 
be made separately on the smaller and the larger sizes. 


NORMAL YIELD TABLES FOR PURE EVEN-AGED STANDS 


FIELD DATA 


42. The basic data for the preparation of an adequate yield table should 
consist of from 100 to 300 plots for each major type involved, well distributed 
throughout the range of site classes and ages involved. 

43. The plots should be well distributed over the region to be studied so as to 
include all characteristics of the type’s range. 

44, All plots should be essentially even-aged, the definition of “‘ even-aged ” 
depending on the reproduction period of the species studied. By “ reproduction 
period” is meant the average time required to obtain sufficient young growth 
on the ground to insure a fully stocked stand at maturity. 

45. The size of the plots should be such that they will include from 100 to 
300 trees each. 

46. The shape of the plots need not be rectangular, but there should be at 
least four sides, and all angles should be greater than 60°. 

47. Each plot should be surrounded by an isolation strip of similar timber 
wherever possible, and where not, as large a proportion ag possible of the 
perimeter of the plot should be thus protected and the boundary on exposed 
sides should be laid out with exceptional care to include the whole area occupied 
by the border trees. 

48. The survey should be made by staff compass and tape or other means of 
equal accuracy. 

49. Plot areas should be computed on the basis of horizontal distances. 

50. Wherever practicable one semipermanent corner on each plot should be 
set and tied to some easily identified landmark. A sketch map of the region 
showing location of plots should also be prepared, E 
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51. All plots should be normal rather than empirical. By strict definition 
a normal stand is that producing the maximum volume in cubic feet for a given 
age and site (thinnings usually being disregarded) ; practically, however, this 
definition must be applied with sufficient flexibility to permit finding plots at 
a reasonable expense. Obviously, then, the leeway necessary will depend on 
the character of the species and the region studied. 

52. Understocked stands may be identified by such criteria as presence of 
holes in the crown cover (except for intolerant species), presence of excessive 
undergrowth or reproduction, abnormally low number of trees per acre, and 
abnormally high diameters for the age class in question. 

53. Overdense stands are uncommon and often hard to identify. They 
should usually be measured whenever encountered unless there is no uncertainty 
as to their identification. They may have such characteristics as an abnormally 
high percentage of suppressed trees or very slow diameter and height growth 
even on dominants. 

54. Stands with pronounced variations in stem density should be avoided 
where possible. 

(a) Age will usually be determined by means of increment borings, approxi- 
nfately average dominants being chosen. Abnormally large trees should be 
tested to see if they are older than the main stand and occasional small trees 
bored to ascertain whether the stand is essentially even aged. 

(0) Increment cores should be numbered to permit identification and 
preserved for later detailed analysis. 

55. The length of time required for seedlings to reach the point at which 
the age was determined must be ascertained by measurements of seedlings on 
similar sites. Open-grown seedlings should be selected which will obviously 
develop into average dominants at the ages of greatest importance in the yield 
study. 

o6. The d.b.h. of each tree on the plot should be measured with diameter 
tape or calipers, depending on which instrument was employed in preparing 
the corresponding volume table; if a different instrument is used average 
discrepancies should be determined. 

57. These measurements should be to the nearest inch. 

58. All living trees over one-half inch d.b.h. should be tallied. 

59. The diameter-class limit should be from 0.6 to the following 0.5 inch, as 
from 9.6 to 10.5 inches. 

60. Measurements should be taken at 4% feet from the average ground level. 

61. All measurements should be tallied by species and by crown classes. 

62. The use of three crown classes is sufficient unless perhaps work in the 
Same or adjacent similar regions has been based on four classes. 

638. All species, even those of subordinate importance, whether softwood or 
hardwood, should be recorded, the word ‘“‘ miscellaneous” being avoided. There 
is, however, no objection to grouping in a miscellaneous coluntm a number of 
subordinate species, providing that the tally identifies the species of each tree 
for which record is made. 

64. The height and d.b.h. of a sufficient number of sample trees should be 
measured to permit the drawing of a curve of height over diameter for each 
plot. 

65. The complete range of d.b.h.’s present should be covered by these samples. 

66. The number of sample trees required is not a fixed percentage of the 
total number on the plot but is determined by the number needed to yield a 
satisfactory height curve. 

67. Height should be measured with any standard instrument, such as the 
Forest Service or Faustman hypsometer or the Abney, distances being taped. 

68. Trees measured should be sufficiently normal to be acceptable for volume- 
table work, forked and broken tops, for example, being avoided. 

69. Separate curves are needed for any subordinate species present unless 
so unimportant proportionately as to make it practicable to use the height 
curve of the principal species. 

70. The height of 5 to 10 mature dominant trees adjacent to the plot should 
be measured where possible as an aid to site classification. 

71. The height of 10 to 15 dominants growing in obviously open or over- 
dense stands adjacent to the plot, on similar sites and of the same age, should 
be measured wherever such stands are found to permit a study of the effect of 
density on height. 

72. The plot description should include the following headings: Crown den- 
sity; Normality; Percentage of boundary in open; Ty pe; Distribution; Slope 
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and aspect; Altitude (total and relative) ; Soil and rock; Soil cover (under- 
brush, advance reproduction, litter, humus); History (origin, date of fires, 
date of cuttings, present condition) ; Tie-survey notes and sketch map. 

73. The form of tally sheet may vary with the species and type studied, al- 
though the Forest Service form 547 is capable of wide application. It should, 
however, not omit any of the following items: Date; locality; survey notes; 
name of party chief; plot number; ages of sample trees; average age; area; 
species; site class (entered in office) ; diameter, tallied by crown class; height 
measurements of sample trees; plot description (see last paragraph). Wher- 
ever possible, provision should be made for complete computation on the original 
sheet of basal area, volume, etc., as filing is much simplified thereby. 

74. Since site determination of the plots in the field and by inspection has 
been found difficult, inaccurate, and of little value, but since there is need of 
some current means of determining whether the plots found are satisfactorily 
distributed through the various site classes, a tentative series of height-age 
curves should be prepared on the basis of the first 15 or 20 plots on which 
measurements are taken, and subsequent plots allocated tentatively to site 
classes thereby. 

75. A two-man party is adequate for the collection of these data. Of these 
men only one need be experienced. Where more than one party are working 
on a single study, it is of the greatest importance to coordinate their methods. 
It is desirable to start with a single party of two experienced men, later to 
split this party in two by giving each an assistant, and so on. If this is im- 
practicable, at least the man in charge of the project should train each crew 
when it is starting work, so that he may impress his conception of normality, 
etc., upon each. It is also essential that one man have direct charge and 
responsibility of both field and office work. 

76. If volume tables are not already available, data should be collected for 
their preparation. The plan of felling and measuring 1 or 2 average dominants 
on each plot has been found inadequate because the range of diameters and 
heights will not be properly covered. See preceding section on volume-table 
preparation. 

OFFICE WORK 


77. For each plot a curve of height over d.b:h. should be prepared for each 
important species. 

78. For each plot the basal area should be computed to three significant 
figures and totaled by species and crown Class. 

79. For each plot the number of trees should be totaled by species and 
crown class. 

80. For each plot the volume should be calculated and totaled by species 
and crown class. Volume should be interpolated to the nearest foot of height. 
This may be done with sufficient accuracy by putting the volume table in 
graphic form or in the form of an alinement chart. 

81. The fundamental volume figure is that in cubic feet including the 
entire wood of the stem. Subordinate figures should be obtained in hoard 
measure by means of the International (%-inch) log rule. The local rule 
should also be used in cases where the material involved is now merchantable, 
preference being given to the Scribner. 

82. For each plot the average d.b.h. is calculated by dividing the sum of 
the basal areas by the number of trees. 

88. For each plot the average height is read from the height-diameter 
curve corresponding to this average d.b.h. 

84. For each plot the actual total age is determined by adding the seedling 
allowance to the average of the determined ages. : 

85. For determining the site index a series of curves showing the relation 
between the average height of the dominant trees and their ages should 
be prepared. The basis should be the average height of dominants (or of 
dominants and codominants) at 50 or 100 years, depending on the probable 
rotation age. The curves should be at 10-foot intervals at the selected age. 
The height of individual trees, if used at all, should be merely a guide to the 
location of the curves. The curves should, of course, be applicable to the 
principal species being studied. 

86. The site index of each plot should be read to the nearest foot. Sy. 
site index is meant the average height of dominants which the plot has attained 
or will attain at the age chosen for classification. 
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87. In cases where the ultimate height is used for site-classification pur- 
poses, ultimate-height values should be correlated with the height at the 
classification age, and the site-index number obtained thereby. In other 
cases this should be done wherever practicable, as an aid to application of 
the tables. 

88. A summary should be prepared for each plot for all species, showing the 
basal area, number of trees, volumes in cubic feet and board feet. The fore- 
going should be for all trees on the plot. The same information should be 
summarized for the dominants, and, in addition, the average basal area per 
tree and the average height corresponding thereto. 

89. Compute the number of trees, and the average basal area and corres- 
ponding average height for the trees above the diameter limit fixed by the 
board-foot volume table which is to be used. 

90. Compute the plot area and express all summarized figures on a per acre 
basis. 

91. The rejection of plots should be based primarily on deviations in basal 
area from the tentative curves of basal area over age and site. 

92. For this purpose preliminary curves should be prepared of basal area 
on age by site-index classes, and the deviation of each plot from these curves 
computed, interpolating to the nearest year of age and nearest foot of site 
index. The standard deviation should then be computed (using the approxima- 
tion formula 1.25 AD=SD) and all plots deviating by more than two standard 
deviations should be rejected. 

93. The remaining plots should be sorted by age and site-index classes. The 
classes should be 5, 10, or 20 years in age, depending on the range of ages, 
and 5, 10, or 20 feet of site index, depending upon the range of site indexes. 

94. For each class the following totals should be computed: Number of 
trees per acre, and volume per acre in board feet and in cubic feet. The average 
basal area per tree should then be obtained by dividing the total basal area 
per acre by the total number of trees per acre. The average height should be 
obtained by giving each plot equal weight. The foregoing figures should be 
obtained for the entire stand, for the dominant stand, and for that above the 
diameter limit fixed by the board-foot volume table used. 

95. In preparing these figures the plots should be given equal weight by 
using the per acre figures. 

96. Harmonized curves should be prepared by site-index classes over age for 
each element mentioned in paragraph 94. Many of these curves may profitably 
be developed by means of anamorphosis. 

97. Curves of average basal area per tree should be substituted for those 
of average d.b.h., the final results being translated into terms of diameter for 
entry in the tables. 5 

98. The following checks should be used: (1) The number of trees per acre 
times the average basal area per acre should equal the total basal area per 
acre; (2) the number of trees per acre times the volume from the volume 
table corresponding to the average diameter and height should equal the aver- 
age volume per acre. Both these checks should be applied to the entire stand 
and to the dominant stand. Check no. 2 should be applied to both the board- 
foot and the cubic-foot curves. In addition, the board foot-cubie foot ratio 
when plotted over d.b.h. should produce a single curve of normal shape for 
all site-index classes. Furthermore, the percentage ratio between the total- 
stand and dominant-stand values for all factors when plotted over the average 
d.b.h. of the entire stand should produce a well-defined curve of reasonable 
shape. Lastly, for all factors, the aggregate difference between the actual 
measurements and those indicated by the curves should not exceed 1 percent. 

99. Average deviations of the individual plots from the curves should be 
computed for the following factors: Basal area per acre, numberof trees 
per acre, volume board measure per acre, and volume in cubic feet per acre. 

100. The frequency distribution of the diameter classes should be investigated 
and if the normal distribution is found, the standard deviation should be 
curved over average d.b.h. This will permit the preparation of stand tables 
for any age and site. 

101. Even if this frequency distribution is not normal, the existence of any 
characteristic type will permit the preparation of subordinate tables (such as 
trees above 4 inches d.b.h.), by curving the ratios between the factors for the 
stand above such a limit to those for the entire stand over the average d.b.h. 
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102. Subordinate tables such as those in cords, those for trees above 4 inches 
in diameter, and those for volumes below a 38-inch top, should be deduced from 
the primary tables by converting factors instead of by direct preparation. 

103. The following information should be included in the final tables: 

(@) Species, common and scientific name. 
(6) Forest type. 
(c) Region. 
(@) Author and date. 
—~-(e) Basic data—number of plots used and their distribution through the 
site and age classes. 
(f) Definition of site index used. 
(g) Collectors of field data. 
(i) Average deviations of individual plots from the yield-table values 
for factors mentioned in no. 98. 
104. All tables should contain information on the following factors: 
(a) Average total height of dominants. 
(6) For entire stand, the 
(1) D.b.h. 
(2) Total height. 
(3) Number of trees per acre. 
(4) Basal area per acre. 
(5) Yield in cubic feet, entire stem, without bark. 
(6) Yield in board feet, International (%-inch) log rule. 

In addition, tables giving similar information for the dominant stand, for 
the stand above one or more diameter limits, and for yields in other units or to 
other limits of merchantability should be included as needed. 


FOREST SERVICE POLICY REGARDING EXPERIMENTAL FORESTS, 
NATURAL AREAS, AND PRIMITIVE AREAS 


The following regulation was approved by the Secretary of Agriculture on 
August 7, 1930, as National Forest Regulation L-20: 
The Forester shall determine, define, and permanently record a series of 
areas of national-forest land to be known as experimental forests, sufficient in 
number and extent adequately to provide for the experimental work necessary 
as a basis for forest production or forest and range production in each forest 
region, these areas to be dedicated to and used for research; also where neces- 
sary a supplemental series of areas for range investigations to be known as 
: experimental ranges; and a series to be Known as natural areas sufficient in 
number and extent adequately to illustrate or typify virgin conditions of forest 
or range growth in each forest or range region, to be retained in a virgin 
or unmodified condition for purposes of science, research. and education; 
and a series of areas to be known as primitive areas and within which will 
| be maintained primitive conditions of environment, transportation, habitation, 
and subsistence, with a view to conserving the value of such areas for purposes 
of public education and recreation. Within any areas so designated, except 
for permanent improvements needed in experimental forests and ranges, no 
occupancy under special-use permit shall be allowed, or the construction 
of permanent improvements by any public agency be permitted, except as 
authorized by the Forester or the Secretary. 
These instructions relating to experimental forests, natural areas, and 
primitive areas were approved by the Secretary. 


EXPERIMENTAL FORESTS 


PURPOSE 


silvicultural, range, products, and other related forest research carefully 
selected areas as fully representative as possible of conditions in important 
parts of forest regions and large enough to meet present and foreseeable future 
needs. In essence these areas are field laboratories for intensive investigative 
work. In the interest of results of the greatest breadth and reliability, of 
protection, of efficiency, and of the best working conditions for the investigative 
staff, the work of forest experiment stations will be concentrated as fully as 


: 
The purpose of experimental forests is to make permanently available for 
possible on them. 
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A secondary and incidental but hardly less important purpose is to provide 
for the demonstration of results, favorable and otherwise, of widely varying 
silvicultural and other forest practices. 

Assured provision for the best possible field laboratories for research is so 
vital to sound national-forest administration and to the development of private 
forestry that the selection of necessary areas is made a part of Forest Service 
policy and procedure under mandatory instructions from the Secretary of 
Agriculture. 

NUMBER, CHARACTER, AND EXTENT 


The McSweeney-McNary Forest Research Act specifies 12 or 13 forest regions 
in the United States proper, in each of which a forest experiment station is to 
be established. So far as can now be foreseen, from 5 to 10 experimental 
forests will ultimately be required in each region, with an average of about 
eight. The area of each of these forests should range from about 1,500 
acres aS a minimum to about 5,000 as a maximum, and average about 3,500 
acres, exclusive of natural areas. They should be large enough to provide ade- 
quately for present and foreseeable future work. They should be small enough 
to avoid all unnecessary burden of administration. Size should be governed 
primarily by the complexity of the type and the growth rate of tree species. 
The simpler the type and the higher the growth rate the smalier the area that 
will be required. 

Each experimental forest should be as fully representative as possible of 
the conditions in important subregions. More specifically, this means ade- 
quate representation of forest types and sites, of the conditions which under- 
lie types and sites, such as soils, climatic variations, altitudinal range, ete., 
and of the older age classes particularly. Accessibility is an important con- 
sideration, for the marketing of forest products to permit intensive silvicultural 
experimentation, and for ease of access to visitors and to the investigative staff. 

Accessibility may require both satisfactory automobile roads, and railroads 
or drivable streams. Assurance of protection against fire may also be a 
factor of importance in location because the cumulative investment of large 
numbers of investigative projects will soon far exceed the intrinsic value of 
the timber stand itself. 

Where it is not possible to find a satisfactory representation of conditions 
in 1 area it may be advisable to select 2 or even 3 areas within easy working 
distance of an experimental forest headquarters. 

Each experimental forest should, wherever possible in the interest of great- 
est representation of conditions for scientific work, include in addition to the 
area already specified a natural area of the character provided for below. 


OTHER CONSIDERATIONS 


The selection of experimental forests should be carried forward rapidly 
enough so that the value for research of the most suitable areas will not be 
seriously reduced, or destroyed for many years, by timber cutting. It will be 
far better to select, designate, and hold such forests over a long period of 
years without any work in them than to lose them altogether for research or 
to have their value greatly impaired. While the investigative work of the 
Forest Service is being built up as rapidly as funds and competent men can 
be obtained, it will probably be a good many years before the resources will 
be large enough to carry out a large-scale program on the number of experi- 
mental forests for each region indicated. Immediate or even future returns 
to the Treasury in the cutting of timber for profit is not a valid reason for 
excluding from experimental forests areas needed for that purpose. The use of 
such areas for research should establish a sound scientific basis for future 
national-forest practice and that on private lands, and hence greatly increase 
the returns on all forest lands. Similarly, sustained yield should be incidental. 
The primary purpose in the handling of experimental forests should be to 
install and maintain the series of investigative projects which seem most 
necesSary as a foundation for good silviculture, etc. 

Where suitable areas for experimental forests cannot be found on existing 
national forests, consideration should be given to the acquisition of suitable 
areas by gift under the provisions of section 5 of the act of March 3, 1925 (43 
Stat. 1132), by exchange, or, as a last resort, by purchase. 
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JURISDICTION AND ADMINISTRATION 


Although experimental forests will be set apart and dedicated to research, 
they will remain an essential part of the national forests in which they are 
located. They will have something of the same status as areas for which 
special uses are granted and special activities authorized. Receipts will be 
credited to the national forests in which they are situated and reported with 
those of the national forests. 

The responsibility for protection against fire should rest primarily upon the 
administrative staff of the national forests in which they are situated. Since 
the investigative work will represent a rapidly increasing investment, espe- 
cially intensive plans for protection should, as soon as possible, be worked out 
in cooperation by the administrative force and the staff of the experiment 
station concerned and put into effect. In this protective scheme the custodial 
staff of the experimental forest should be made an essential part. 

The permanent improvement plan should also be worked out by the adminis- 
trative and research staffs in cooperation. Ordinarily, where investigative 
work on any scale is under way the plan will need to be more intensive than 
that on the surrounding forest. Supervision of the construction of the im- 
provement projects agreed upon should be worked out by mutual agreement 
in accordance with the most effective plan under existing conditions. 

The director of the experiment station should be held responsible for timber 
cutting and range or other use of the experimental forest, solely to insure 
the conduct of the work in the manner required for the investigative purpose 
in view, and to establish clear-cut responsibility. This involves such questions 
as the making and supervision of timber sales, grazing permits, ete., which 
will ordinarily be small. In some cases it may be desirable to work out 
arrangements where members of the administrative force will scale timber, 
ete. Where there is joint range use of national and experimental forest areas 
the plans of joint use, including the issuance of permits, will be worked out 
cooperatively by the supervisor and director. 

Since the primary purpose of experimental forests and experimental ranges 
is research and an important incidental use is the demonstration of investi- 
gative results, general or promiscuous public use should be restricted as far 
as practicable, and if this is impossible, should be carefully regulated. 


NATURAL AREAS 
PURPOSE 


Permanently to preserve in an unmodified condition areas representative of 
the virgin growth of each forest or range type within each forest region so far 
as they are represented within the national forests, to the end that its char- 
acteristic plant and animal life and soil conditions, the factors influencing its 
biological complex, shall continue to be available for purposes of science, 
research, and education. 


NUMBER AND EXTENT OF NATURAL FOREST AREAS 


A sufficient number of natural areas should be established to insure the 
preservation of virgin areas typical of important forest conditions in the 
United States and permitting continuity of study to climax types. Probably a 
dozen such areas will be required in each forest region. If, however, a forest 
type is adequately represented in some other permanent form of reservation 
such as a national park, duplication in a national forest may be unnecessary. 

Since undue conflict with industrial or economic needs would threaten the 
permanence or stability of the natural area, they should, where practicable, be 
located where there is least probability of such conflict and be confined to the 
minimum area within which their full purpose can be realized; but they should 
not be so restricted as to minimize their scientific value. The area essential 
to the maintenance of virgin conditions for any material length of time will 
vary with the type of forest involved or possibly with climatic and topo- 
graphic conditions, but under average conditions 1,000 acres would be about 
the minimum. 

Wherever possible a natural area should be established in connection with 
each experimental forest and in addition to the area required for the latter. 
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Where this is not possible and no natural area is available, it may be highly 
desirable to add to the experimental forest an area in which the timber is not 
yet mature, to be maintained without use so that in time it will develop into 
a natural area. Where suitable natural areas are not already included in 
national forests, acquisition by other means suggested under Experimental 
Forests should be considered. 


UTILIZATION OF NATURAL AREAS 


Within natural areas scientific and educational use will be exclusive. The 
cutting of timber, and as soon as possible grazing use also, should be pro- 
hibited. General or promiscuous public use will be incompatible with the 
scientific use of the area, and should be restricted as far as practicable; and if 
this is impossible, carefully regulated. The present laws are inadequate to 
permit the total exclusion of the public or prevent the location of mining 
claims or the establishment of eaSements under public-land laws. 


SCIENTIFIC VALUE DEPENDENT UPON PERMANENCY AND STABILITY 


The highest value of natural areas can be maintained only by the total 
exclusion of all forms of use. Consequently no utilization shall be authorized 
or changes made in boundaries without the prior approval of the Forester, 
which will not be granted unless there is certainty that the change will not 
react adversely upon the plans of the Forest Service or of any related research 
agency. 


AVAILABILITY OF NATURAL AREAS TO OTHER RESEARCH AGENCIES 


While natural areas will be established primarily to meet the needs of the 
Forest Service, their use by other research or educational agencies for pur- 
poses which do not conflict with Forest Service projects shall be allowed under 
appropriate cooperative agreements approved by the Forester. 


SPECIMEN AGREEMENT PROVIDING FOR EXPERIMENTAL USE OF 
PRIVATE AREA 


COOPERATIVE AGREEMENT BETWEEN THE -_____-____ CO: VAND (THEW 22 esse 
FOREST EXPERIMENT SFATION OF THE eas aa 


PATSCAGREEMBENE, dated: this -_--- day of. === HA. DE 1922 bycand 
between the __________ CO., a Corporation organized and existing under and 
by virtue of the laws of the State of ____.______, hereinafter referred to as the 
“Company “a2 and. the 220s" 4 > FOREST EXPERIMENT STATION OF 
dll 2 i ear ae Ree , hereinafter referred to as the “ Station,” 

WITNESSETH, That in consideration of the mutual advantages hereinafter 
provided for and of the respective services to be rendered in connection there- 
with, the parties hereto mutually agree as follows: 

That the “ Company” shall: 

FIRST: Place at the disposal of the “Station” for experimentation and 
demonstration in timber growing a certain tract of land owned by the “ Com- 


PRP Yet Ne Se County; 2232 eee , and described as follows: 
ALL that tract of land situated in the Township of __________ , in the County 
and State aforesaid, having an area of approximately ________ (~U*~)), aeres, 


now owned or in the process of acquisition by the ‘‘ Company,” excepting such 
lands as are now owned by the ‘‘ Company ” and about to be conveyed to ________ 
Corporation, and also excepting the following land, as shown on a map of the 


WStalevOl et ma aes Diya eee a rf 1 Veer 
(Detailed description of tract follows.) 
* * * * * * * 


This experimentation and demonstration is specifically understood to include 
the cutting of mature or defective timber and the thinning of young timber. 

SECOND: Protect the said tract from fire at all times to the full extent of 
He Bes and to take all reasonable precautions against the use of fire on the 
ract. 

THIRD: Permit access to the tract by such visitors as the “Station” may 
designate, under the guidance of the “Station.” This shall not be interpreted 
by the “Station” to include the general public except under such conditions 
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and at such times as shall be Satisfactory to the “Company” and agreed to 
in writing by it. 

FOURTH: Permit the erection by the “Station” of structures, including 
fences, necessary for office and laboratory use, together with living quarters 
necessary to the “ Station’s” staff, at such points on the tract as may be Satis- 
factory to the “Company,” and the removal thereof within ~-_-_-_.__ days 
after any termination of this agreement. 

That the “ Station” shall: 

FIRST: Undertake such experiments and demonstrations in timber grow- 
ing on the tract as are in its judgment best calculated to bring the tract to the 
highest degree of forest productivity, including experiments in obtaining natural 
reproduction of the forest after cutting, in thinning to stimulate growth, in 
artificial forestation where deemed necessary, and any other experiments of a 
Similar nature. 

SECOND: Direct and supervise under contracts to be let by it all cutting 
and removal of forest products designated for cutting on the tract except that 
at its option the ‘“ Company ” itself may cut and remove the products, or may 
enter into contract with a third party for such cutting and removal, but in 
every case the cutting and removal shall be under the direction and supervision 
of the “ Station ’”’ and all proceeds shall be paid to the ‘‘ Company.” 

THIRD: Cooperate in protecting the tract against fire and assist in suppress- 
ing fires that may occur thereon to the extent that its men are present at the 
time of the fire. 

It is mutually agreed that: 

FIRST: Nothing in this agreement shall prevent the use of the tract by the 
“Company,?)-either fOr -2"- 2 e220 purposes or for the erection of any build- 
ing or buildings which in the judgment of the “Company” are necessary for 
carrying on its work; but it is agreed that the use of no plot or plots (to wit, 
small areas within said large tract) set apart by the ‘‘ Station” for experi- 
mental purposes shall be interfered with by the ‘“‘ Company ” in such __________ 
or other uses unless found to be absolutely necessary for the conduct of the 
*Company’s”’ work; and it is further agreed that should such use of plots in 
the judgment of the “‘ Station” seriously interfere with its work, the “ Station” 
may, on one year’s notice in writing to the ‘‘ Company ”’, terminate this agree- 
ment. 

SECOND: In cutting and removal of forest products from the tract the needs 
of the “ Company” for fuel, lumber, and other forest products shall be given 
first consideration. 

THIRD: This agreement shall continue in effect for a period of _-_-___ C22) 
years unless sooner terminated by mutual consent, provided that nothing in 
this agreement shall bind the “ Station” to the expenditure of funds beyond 
appropriations made available by ~------- for the purposes thereof, and pro- 
vided further, that should the ‘* Company” during the term of this agreement 
sell the tract and abandon its use for the purposes to which it is now devoted, 
this agreement shall thereupon terminate. 

IN WITNESS WHEREOF, the “ Company” has caused these presents to 
be signed by its President, its Corporate seal affixed, and the doing thereof 
attested by its Secretary, and the “Station” has caused these presents to be 
Signed ‘by: the: 222-0 22— , on the day of the date hereof. 
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